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ABSTRACT 

Field  investigative  studies,  spanning  a 3 year  period,  were  conducted  to 
minimize  the  nuisance  caused  by  biting  black  flies  at  Fort  Drum,  New  York. 

Chemical  control  utilizing  aerial  spray  was  attempted  over  both  small  and 
large  areas  using  six  different  pesticide  formulations.  Control  was  not 
successful  because  of  the  difficulty  in  timing  spray  flights  when  black  flies 
were  most  active  and  the  ability  of  black  flies  to  rapidly  re-enter  sprayed 
areas.  Chemical  control  by  ground  application  of  six  different  pesticide 
formulations  was  equally  unsatisfactory  primarily  due  to  poor  penetration 
into  the  target  area.  Parameters  influencing  black  fly  flight  activity 
were  defined  and  used  In  conducting  various  phases  of  the  study.  Survey 
techniques  evaluated  included  sweep  count,  landing  rate  count,  estimation 
rate,  and  modified  light  traps  using  carbon  dioxide  as  an  attractant. 

Of  these,  modified  light  traps  using  a flow  rate  of  500  milliliters 
carbon  dioxide  per  minute  offered  the  most  effective  survey  tool  for 
monitoring  adult  black  fly  populations.  As  a means  of  providing  personal 
protection,  mesh  jackets  impregnated  with  deet  and  twelve  experimental 
repellents  were  extensively  tested.  Because  of  current  restrictions 
on  the  selection  of  pesticides  and  methods  which  can  be  used  against 
black  flies  and  the  unsatisfactory  results  of  pesticide  application 
techniques  reported  herein,  personal  protection  afforded  by  repellent 
jackets  appears  most  promising.  Recommendations  include  the  introduction 
of  an  insect  repellent  jacket  into  the  defense  supply  system.  Six  articles 
related  to  this  subject  have  been  published  under  this  contract  and  one 
additional  publication  is  expected. 
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1.  REFERENCES. 

a.  AR  40-5,  Health  and  Environment,  25  September  1974. 

b.  Letter,  AHDA,  First  United  States  Army  Medical  Laboratory,  4 December 
1972,  subjects  Request  for  Medical  Research  Support. 

2.  PURPOSE.  To  develop  control  and/or  preventive  measures  to  minimize  the 
nuisance  caused  by  biting  black  flies  at  Fort  Drum,  New  York. 

3.  GENERAL. 

a.  Background.  Black  flies  present  a severe  nuisance  to  military 
personnel  engaged  in  training  activities  at  several  military  installations 
located  within  this  Division's  geographical  area  of  responsibility.  Specifi- 
cally, black  flies  have  seriously  interfered  with  annual  field  training 
activities  of  some  90,000  Army  Reserve  and  National  Guard  units  which  train 
at  Ft  Drum,  NY,  during  the  spring  and  early  summer  months  each  year.  The 
persistent  problem  affects  not  only  the  morale  of  the  soldier  but  also  reduces 
the  effectiveness  of  the  unit  training  exercises.  In  addition  to  providing 
information  to  alleviate  this  problem  in  training  areas,  any  information 
developed  concerning  black  flies  would  have  military  significance  in  other 
areas  of  the  world.  Certain  species  of  Simuliidae  transmit  onchocerciasis 

in  Africa  and  several  Central  American  countries,  some  species  cause  severe 
allergic  reactions  in  man  in  South  America,  and  many  others  present  a severe 
nuisance  to  man  in  portions  of  the  temperate  region. 

b.  Support.  Funds  to  support  this  field  investigative  project  were 
requested  from  the  US  Army  Medical  Research  and  Development  Coranand  (USAMRDC) 
on  4 December  1972.  The  project  was  approved  and  funded  on  14  March  1973 
and  continued  until  30  June  1976.  The  amounts  provided  by  the  USAMRDC  were 
$10,163  in  1973,  $10,388  in  1974  and  $7,370  in  1975  for  a total  of  $27,921 
over  the  3 year  period. 
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4.  FINDINGS  AND  DISCUSSION.  The  overall  approach  taken  to  investigate  the 
problem  is  shown  in  Figure  1.  During  the  first  year  of  the  study,  ground 
and  aerial  chemical  control  measures,  repellent  jackets  and  various  sampling 
methods  were  evaluated.  During  the  second  year,  studies  were  focused  on  the 
effectiveness  of  aerial  spray  over  a larger  area,  on  evaluation  of  modified 
light  traps  as  a survey  tool  and  on  the  effectiveness  of  repellent  jackets 
under  field  conditions.  During  the  last  year  of  the  study  attention  was 
given  to  evaluating  various  repellents  for  personal  protection,  to  laboratory 
studies  in  support  of  biological  control  possibilities  and  to  refinement  of 
a modified  light  trap  survey  technique.  Description  and  results  of  the 
various  aspects  of  the  study  follow. 

a.  Aerial  Dispersal. 

(1)  1973. 

(a)  To  determine  the  effectiveness  of  black  fly  control  by  aerial 
spraying  of2various  nonpersistent  insecticides  over  comparatively  small 
areas  (5  mi  plots),  four  spray  missions  were  flown  by  the  United  States 
Air  Forces  Special  Aerial  Spray  Flight  Unit,  Lockbourne  Air  Force  Base, 

Ohio,  during  the  period  24  May  - 14  June  1973.  The  insecticides  tested  were 
malathion  and  naled.  Butoxy  polypropylane  glycol,  a fly  repellent,  was 
added  to  naled  for  one  treatment.  Malathion  was  appl.ie^  at  two  different 
rates.  Four  test  plots  and  one  control  site,  each  5 mi  in  area,  were 
selected  for  the  evaluation. 

(b)  The  results  of  these  studies  are  described  in  derail  in  Appendix  A. 
The  use  of  aerial  spray  for  black  fly  control  in  the  5 mi  plots  was  judged 
unsatisfactory.  Poor  control  was  attributed  to  many  factors  including  poor 
meterological  conditions  for  application  and  the  rapid  reinfiltration  of 
flies  from  untreated  areas.  The  investigators  found  that  temperature, 
wind  speed,  and  light  intensity  had  the  greater  effects  on  control  efforts 
because  of  their  direct  correlation  with  black  fly  activity.  They  concluded 
in  addition  to  spraying  at  ideal  weather  conditions,  larger  areas  should 

be  sprayed  to  prevent  rapid  re-entry  and  infiltration  into  the  tarqet  area 
and  that  other  formulations  should  be  tested  with  the  aerial  spray  technique. 

(2)  1974. 

(a)  A technical  objective  during  1974  was  to  continue  to  evaluate  the 
efficiency  of  aerial  spraying  as  a means  of  area  control  for  black  flies 
using  various  solvents  such  as  heavy  aromatic  naptha  (HAN)  and  other 
additives  with  naled.  On  4 June  1974,  10,240  acres  were  treated  with 
naled  at  a rate  of  1 oz  per  acre.  On  21  June  1974,  17,280  acres  were 
treated  using  9 oz  of  HAN  plus  1 oz  of  naled  per  acre. 
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(b)  Results  of  these  studies  are  shown  in  Appendix  B.  Caqed  specimens 
were  killed  within  20  minutes  after  being  sprayed  with  naled  plus  HAN,  hut 
not  with  naled  alone.  The  investiqators  felt  that  7-10  days  control  could 
be  achieved  using  this  formulation;  however,  the  adult  population  was  on  a 
natural  decline  at  the  time  of  the  second  spray  and  it  was  not  possible  to 
accurately  determine  the  effectiveness  of  the  aerial  spray. 

b.  Ground  Dispersal. 

(1)  Ground  dispersal  of  insecticides  was  evaluated  only  during  1973. 

Seven  test  sites  to  include  one  control  area  was  used;  each  was  approximately 
1 mile  long  and  300  ft  wide.  The  following  insecticide  formulations  were 
utilized:  33.8  percent  malathion  plus  14.5  percent  LethaneC  ,•  Pyrocide  7067^ 

(5  percent  pyrethrins  plus  25  percent  piperonyl  butoxide) ; Pyrocide  X2749 

(5  percent  pyrethrins,  25  percent  piperonyl  butoxide  plus  5 percent  repellent 
XI);  85  percent  naled;  9.3  percent  naled;  and  6.5  percent  propoxur.  An 
experimental  rotary  tube  sprayer  providing  an  ultra  low  volume  (ULV)  aerosol 
was  used  for  dispensing  the  chemical  compounds. 

(2)  Results  of  the  ground  ULV  spraying  are  described  in  Appendix  C. 

On  caged  black  flies,  naled  was  the  most  effective  compound  tested  producing 
100  percent  mortality  within  3 min  at  a distance  of  225  ft  downwind.  At 
that  distance  all  other  compounds  except  malathion  plus  Lethane  caused 
some  mortality.  However,  the  natural  populations  at  all  sites  were  not 
reduced  for  periods  longer  than  approximately  5 minutes.  The  investigators 
felt  that  the  sprayer  did  not  provide  sufficient  penetration  of  the  aerosol 
particles  into  the  vegetation.  Also,  the  small  areas  treated  allowed  for 
rapid  re-entry  of  the  black  flies  from  untreated  areas. 

(3)  In  a separate  test,  the  effectiveness  of  the  insecticide  resmethrin 
was  evaluated  against  caged  black  flies.  Complete  mortality  was  obtained  in 
approximately  5 minutes.  These  data  are  presented  in  Appendix  n. 

c.  Survey  Techniques. 

(1)  1973. 

(a)  One  of  the  original  technical  objectives  was  to  develop  and  apply 
sampling  methods  to  assess  the  magnitude  of  the  problem  and  later  the 
effectiveness  of  control  measures.  An  informal  evaluation  was  made  of 
the  sweep  count,  the  landing  rate  count,  and  the  estimation  rate.  Landing 
rates  were  determined  by  counting  the  number  of  flies  landing  on  the  upper 
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torso  in  a given  period  of  time.  The  sweep  counts  were  made  in  two  ways: 
continuously  for  a period  of  time  (1  min),  and  by  makinq  a given  nuinber  of 
sweeps  about  the  head  and  body,  generally  10  or  some  multifile  of  10.  The 
estimation  method  was  evaluated  by  estimating  the  number,  of  flies  around 
the  head  after  standing  still  or  walking  around  slowly  for  a certain  lenqth 
of  time.  The  investigators  felt  that  none  of  these  methods  were  satisfactory. 
Considerable  bias  in  the  population  estimates  by  different  observers  was 
unavoidable.  Plans  were  made  to  try  modified  mosquito  light  traps  for 
the  next  year's  study. 


(b)  Observations  indicated  that  the  more  important  parameters  affecting 
adult  flight  activity  were  temperature,  light  intensity  and  rainfall.  The 
effect  of  these  are  described  in  Appendix  E.  Black  fly  species  occuring  in 
the  Ft  Drum  area  include  Problrnulium  hivtipes  complex  especially  P.  mixtwv, 
Simulium  I'ensustum,  and  Cnephia  mutata.  A brief  description  of  these  species 
can  be  found  in  Appendix  E. 


(2)  1974. 

(a)  Studies  were  continued  to  investigate  various  adult  survey  techniques 
which  were  needed  to  better  evaluate  the  effectiveness  of  aerial  and/or 
ground  applications  of  nonpersistent  insecticides . Two  mosquito  light 
traps,  6V  battery  operated  Center  for  Disease  Control  (CDC)  type,  were 
modified  to  use  carbon  dioxide  (CO^)  as  the  attractant.  These  were  tested 
for  a 32-day  period  from  24  May  to  5 July  1974  and  subjectively  compared 

to  the  previous  year's  methods  for  evaluating  adult  population  levels. 

(b)  The  results  of  this  study  are  shown  in  Appendix  F.  The  investigators 
felt  that  indices  obtained  from  the  two  modified  CDC  traps  with  CC>2  as  an 
attractant  indicated  thut  the  number  trapped  was  more  relative  to  actual 
population  levels  and  that  this  technique  offered  the  best  way  to  monitor 

the  effectiveness  of  control  attempts.  Observations  indicated  a CO  flow 
rate  of  2 liters  per  min  to  be  sufficient  for  trapping  adequate  numbers 
of  black  flies  for  tabulating  indices. 

(3)  1975. 


(a)  An  attempt  was  made  during  1975  to  refine  the  CDC  modified  light 
trapping  technique  for  adult  black  fly  surveillance.  Specifically,  a test 
was  designed  to  determine  the  flow  rate  of  C02  required  to  effectively 
attract  black  flies  and  to  determine  the  effect  of  trap  location  within 

a small  geographic  area. 

(b)  Results  are  shown  in  Appendix  G.  Of  the  7 selected  flow  rates 
evaluated,  the  optimum  flow  rate  for  trapping  black  flies  in  Hew  York  was 
500  ml  of  CO.  per  minute.  Trap  locations  in  the  selected  test  sites  appeared 
to  have  little  effect  on  the  number  of  specimens  collected.  The  operating 
performance  of  supplying  C02  from  a single  source  to  multiple  CDC  traps  was 
advantageous. 
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d.  Repellent  Jackets. 

(1)  1973.  Observations  on  the  effectiveness  of  35  deet  impregnated 
nylon-cotton  one-fourth  inch  mesh  over jackets  against  black,  flies  were 
informally  conducted  during  1973.  Field  soldiers  were  asked  to  wear  the 
jackets  and  report  on  their  effectiveness,  acceptability,  comfort,  convenience, 
and  irritability.  Reports  were  very  encouraging  and  information  gained  was 
used  to  plan  a more  comprehensive  test  for  the  following  year. 

(2)  1974. 

(a)  A determination  of  the  effectiveness  and  longevity  of  repellent 
impregnated  jackets  as  a means  of  individual  protection  for  the  troops  at 
Ft  Drum,  NY,  was  made  during  the  period  10  May  to  1 July  1974.  One  hundred 
and  twenty  mesh  jackets  were  worn  by  personnel  undergoing  combat  training 
field  exercises.  Based  upon  questionnaires  from  soldiers  who  wore  the 
jackets,  an  evaluation  was  made  as  to  effectiveness  in  preventing  black 
fly  bites;  skin  irritability;  and,  acceptability  with  respect  to  comfort 
and  convenience. 

(b)  Results  of  this  repellent  jacket  study  are  described  in  Appendix  H. 
While  complete  protection  of  persons  from  black  fly  bites  while  training 
under  simulated  combat  conditions  is  not  possible,  the  deet  impregnated 
mesh  jackets  did  offer  significant  protection  from  black  flies  as  measured 

by  statistical  comparisons  between  the  number  of  bites  received  by  individuals 
wearing  treated  and  nontreated  jackets.  The  majority  of  the  participants 
stated  that  the  jacket  produced  no  skin  irritability  and  was  comfortable 
and  convenient. 

(3)  1975. 

(a)  Work  with  the  mesh  jacket  was  continued  to  evaluate  experimental 
US  Department  of  Agriculture  (USDA)  repellents,  impregnated  in  the  cotton- 
nylon  mesh,  and  to  determine  their  effectiveness  in  preventing  black  fly 
bites.  Previous  studies  had  shown  that  deet  impregnated  jackets  were  more 
effective  than  topical  applications  of  the  same  compound.  Because  deet  is 
becoming  increasingly  difficult  to  obtain,  its  effectiveness  is  greatly 
reduced  after  wetting,  and  it  does  not  have  the  longevity  of  several  other 
repellents,  it  was  considered  advisable  to  investigate  the  possibility  of 
using  other  repellents  with  the  mesh  jacket  concept.  Eight  experimental 
repellents  were  paired  with  the  deet  standard  and  control  jackets,  and 
ratios  of  effectiveness  were  calculated.  Jackets  were  evaluated  in  two 
locations  to  ascertain  the  effectiveness  against  both  tropical  and 
temperate  species  of  black  flies.  During  the  period  29  January  - 
11  February  1975,  tests  were  conducted  in  the  central  valley  of  Costa 
Rica  and  during  17-24  May  1975  at  Ft  Drum,  NY. 
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(b)  The  tests  are  described  and  evaluated  in  Appendix  I.  Of  the  12 
experimental  repellents  evaluated,  2-hydroxyethy 1 cyclohexane  carboxylate 
(USDA  Identification  No.  AI3-70087)  appears  to  be  the  best  compound  for  use 
in  impregnating  mesh  jackets.  It  was  approximately  three  times  better  than 
deet  in  preventing  black  fly  landings  on  the  upper  torso.  Two  other  compounds 
appeared  to  be  as  effective  as  deet  in  preventinq  total  black  fly  landinqs 
of  tropical  species.  These  were  tetrahydrofurfuryl  octanoate  (AI3-B118)  and 
N,  N-Dibutyl -o-ethoxybenzamide  (AI3-19084). 

e.  Laboratory  Studies. 

(1)  A new  technical  objective  was  added  in  1975  to  establish  the 
capability  of  handling  black  flies  and  mermithid  parasites  in  the  laboratory 
as  a prelude  to  biological  control  studies.  The  potential  of  usinq  mermithid 
parasites  has  been  recognized  by  many  workers.  For  background  information, 

a survey  for  natural  pathogens  and  parasites  of  black  flies  in  the  New  York 
study  site  was  made  during  the  period  4-18  May  1975.  In  collaboration  with 
Dr.  William  R.  Nickle,  a nematologist  at  the  USDA  Agricultural  Research 
Center,  a low  level  of  infection  (3-5  percent)  was  found.  Also  with  the 
assistance  of  Dr.  George  Cantwell,  an  insect  pathologist  from  the  same 
organization,  two  species  of  parasitic  microsporidi ans  and  one  species  of 
fungi  infecting  the  Ft  Drum  black  fly  larvae  were  identified  (See  Appendix  J). 

(2)  Field  experiments  with  mermithid  parasites  can  be  realistically 
attempted  only  when  procedures  have  been  devised  for  the  mass  cultivation 

of  the  infective  juveniles  and  when  an  understanding  of  mermithid  - simuliid 
interrelationships  and  effects  of  modifying  environmental  parameters  is  more 
complete.  To  mass  rear  the  black  fly  nematode,  a technique  must  be  developed 
for  colonizing  large  numbers  of  black  flies  for  in  vivo  development  of  the 
parasites,  or  develop  a cell  culture  for  in  vitro  development  of  the  parasite. 
Studies  were  directed  in  both  areas.  Attempts  to  get  the  black  fly  Simulium 
vittatm  to  mate  and  to  feed  in  the  laboratory  were  partially  successful 
using  special  handling  techniques.  The  newly  emerged  adults  were  concentrated 
in  small  plastic  containers,  anesthesized  with  CO  and  then  placed  on  a 
guinea  pig.  In  this  manner,  about  50  percent  would  feed  and  an  estimated 
5-10  percent  mated,  but  black  fly  survival  for  more  than  4-5  days  after 
emergence  could  not  be  maintained. 

(3)  A device  was  fabricated  to  allow  development  of  large  numbers  of 
larvae  in  a small  space.  Circular  disks  of  corrugated  fiberglass  were 
rotated  within  a large  bell  jar  by  a rheostatically  controlled  stirring 
motor  (Appendix  K) . 

(4)  The  most  encouraging  results  in  the  laboratory  has  been  the 
development  of  a self  sustaining  cell  line  (Appendix  L) . Techniques  have 
been  developed  in  the  collecting,  transporting,  storing  and  processing  of 
eggs  to  insure  aseptic  larvae  and  the  production  of  a continuing  primary 
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cell  culture.  This  opens  many  possibilities  for  other  workers  to  study  the 
propagation  of  pathogens  and  parasites  which  might  lead  to  a control  of  this 
important  insect. 


5.  CONCLUSION. 


a.  Three  years  of  field  investigative  studies  on  Simuliidae  were 
focused  on  minimizing  the  nuisance  caused  by  the  biting  black  flies  at 

Ft  Drum,  NY.  The  problem  was  approached  by  investigating  ground  and  aerial 
chemical  control  measures  against  black  fly  adults,  and  evaluating  deet 
and  various  experimental  repellents,  using  the  mesh  jacket  concept,  as  a 
personal  protective  measure.  Additionally,  survey  techniques,  distribution 
studies,  and  binomics  were  studied  to  assist  in  control  measures.  A survey 
for  natural  parasites  and  pathogens,  and  laboratory  studies  of  mermithid 
nematodes  were  made  to  examine  the  possibility  of  using  these  agents  for 
biological  control  of  black  flies. 

b.  Little  success  was  obtained  using  ground  chemical  control  with  an 
experimental  rotary  tube  sprayer.  The  use  of  aerial  spray  was  also  judged 

to  be  infeasible  because  of  the  short  duration  of  control  produced.  Repellent 
impregnated  jackets  appear  to  be  the  best  technique  to  reduce  the  degree  of 
nuisance  from  biting  black  flies  at  Ft  Drum.  Studies  showed  that  deet 
impregnated  jackets  were  significantly  better  than  topical  application  of 
deet  and  that  they  had  a high  degree  of  troop  acceptability.  Various 
experimental  repellents  were  evaluated  against  both  tropical  and  temperate 
species  of  black  flies.  2-hydroxyethyl  cyclohexane  carboxylate  (AI3-J0087) 
was  judged  to  be  superior  to  deet  and  to  all  other  compounds  tested.  Also 
the  effectiveness  of  this  chemical  was  not  reduced  by  simulated  rainfall. 

6.  RECOMMENDATION.  Introduce  an  insect  repellent  jacket  into  the  defense 
supply  system  as  an  Army  adopted  item  of  medical  equipment.  Similar  repellent 
jackets,  using  deet  are  being  produced  for  commercial  use  by  Cole  Outdoor 
Products  of  America,  801  P Street,  Lincoln,  NE  68508. 


bERNARD  A.  SCHIEFER 
MAJ,  MSC 

Chief,  Radiation  and  Entomological 
Sciences  Branch 


APPROVED: 


DANIEL  C.  WARREN,  M.  D. 

LTC,  MC 

Chief,  Regional  Division  - North 
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FIGURE  1.  Flow  Chart  of  Blackfly  Special  Studies  Conducted 
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FIELD  EVALUATION  OF  BLACKF1  Y CON 
TROL— AERIAL  APPLICATIONS  > 

R.  R.  Carestia,1 2  R L.  Fromm  er, 2 R.  W. 

Vavra,  Jr.2 * *  and  Vf.  A.  Lov  8 

To  alleviate  the  irritation  anti  annoyance  caused 
by  the  blackflies  at  Camp  Drum,  New  York,  a 
preliminary  study  vvas  initiated  to  determine 
whether  relief  from  annoyance  by  blackflies  could 
be  obtained  without  using  persistent  insecticides 
The  objectives  of  this  evaluation  were  to  deter 
mine:  (i)  effectiveness  of  aerial  dispersal  of 

standard  insecticides  as  adulticidcs;  (2)  re-entry 
time  of  blackllies  after  spraying  and  (3)  whether 
or  not  aerial  spraying  could  provide  4^“72  hours 
of  protection  against  blackflies. 

Materiaij  and  Methods.  The  study  was  con 
ducted  for  8 weeks  during  May  and  June  at 
Camp  Drum,  which  is  a Class  I installation  of  the 
First  US  Army;  located  nine  miles  east  of  Water 
town,  New  York.  In  excess  of  90,000  troops, 
principally  from  the  15  northeastern  states  re- 
ceive their  regular  2 weeks  annual  training  here 
This  training  site  comprises  a total  of  107,000 
acres  and  has  a maximum  elevation  of  approxi- 
mately 800  feet.  The  prevailing  winds  were 
southwest  to  northeast  and  the  mean  temperature, 
relative  humidity  and  windspecd  during  the 
evaluation  were  hi. 5°  F,  57%  ar*d  8-8  mPh>  rc 
spectively.  Old  New  York  State  Route  # 

was  selected  as  the  locale  for  the  test  site,  and 
a total  of  20  square  miles  was  sprayed  with 
different  dosages,  insecticides  and  flow  rates. 

To  ascertain  what  effect  aerial  spraying  of 
various  non  persistent  insecticides  over  5 square 
mile  plots  would  have  against  blackflies.  4 *l'tay 
missions  were  flown  by  the  USAF  Special  Aerial 
Spray  Flight  Unit,  I.ockbournc  AI  R,  Ohio.  Four 
test  plots,  plus  one  control  site,  each  5 -square  - 
miles,  were  selected  for  this  evaluation.  The  air 
craft  used  to  apply  the  insecticide  solutions  was 
a USAF  UC  inK,  equipped  with  a Fairchild 
Interna)  Pressure- Spray  System  UPSS),  with  con 
ventiona!  booms  and  Teejet^  flat  fan  nozzles 
ranging  from  8003  to  8006  that  were  set  4s 


1 The  opinions  or  assertions  contained  herein 
are  the  private  views  of  the  authors  and  are 
not  to  be  construed  as  official  or  as  ipflming  the 
views  of  the  Dept,  of  the  Army  or  the  HOP. 
Research  sponsored  by  the  US  Army  Medical 
Research  and  Development  Command.  WASH. 
DC,  20314,  under  Contract/Grant  No.  DA 
3A061 102B71P01 

2 U.S.  Army,  US  Army  Medical  l aboratory, 

Ft.  George  G.  Meade.  MD  20755 

• U.S,  Army.  US  Army  Medical  Laboratory, 

Ft.  Sam  Houston,  Texas  782*4 


down  and  into  the  wind.  Line  pressures  ranged 
fiom  40  psi  to  85  psi  and  flow  rates  were  con 
trolled  by  the  size  and  number  of  nozzles  used. 
The  aircraft  operated  at  a speed  of  ISO  miles  per 
hour,  at  an  altitude  of  150  Irrt  for  a 500  foot 
swath  interval  and  it  2"<i  feet  for  a swath  interval 
of  .1  1000  feet  The  spravmg  was  done  in  the 
<vcmngs,  commencing  about  1 hours  Ik  fore 
sunset. 

The  05%  malathnm  was  dispersed  through 
twelve  8003  Tccjet  nozzles  with  .1  boom  pressure 
nf  4 2 pounds  psi.  Two  passes  of  this  triatment 
we  re-  made  to  disperse  .1  total  dosage  of  (•  oz  per 
acre.  The  DibromR'  was  dispersed  through 
eight  8003  nozzles  with  1 boom  pressure  of  57 
psi.  The  Dibrorn  plus  Stabilenew  combination 
was  dispersed  through  twelve  8006  noz/lo  with 
a boom  pressure  of  85  psi.  The  57%  malattuon 
was  disperser!  through  forty  four  8006  nozzles 
with  a boom  pressure  of  40  psi.  The  following 
theoretical  dosages  were  applied  on  the  target 
areas:  6 fluid  ozs.  per  acre  of  95 ’0  maiuthion; 

1 fluid  07.  of  Dihrom;  5 ozs.  of  Dibrorn  plus 
Stabifcnr  * and  rz  ozs.  per  acre  of  5 70  mala 
thion. 

Sampling  stations  were  established  and  counts 
of  blackflies  along  with  observations  of  behavior 
under  various  parameters  of  time,  temperature, 
light  anti  wind  velocity  were  accomplished  on  a 
daily  basis. 

Weather  conditions  such  as  wind  velocity,  di- 
rection. speed  and  temperature  existing  at  the 
training  site  were  determined  by  the  weather 
station  at  Camp  Drum.  In  addition,  local  weather 
observations  at  the  test  sites  were  also  made  be 
fore,  during  and  after  each  application. 

The  spray  application  was  assessed  by  the 
exposure  of  c.i{>fur«<!  flies  belli  in  nets  (mesh 
size  #30)  ami  bv  taking  in  each  plot  prr  and 
post  hlackfly  counts  of  the  natural  adult  popul.i 
non  To  determine  the  < ff  its  of  the  aerosols  on 
the  natural  population  at  least  2 hours  prior  to 
each  application.  the  investigators  swept  three 
times  a hove  their  heads  with  a standard  handnet 
every  » 5 seconds  and  took  the  highest  count  at 
15  minute  intervals  until  the  .1ctu.1l  licatmrnt 
occurred.  After  raih  sweep,  flies  were  killed 
bv  crushing  in  the  nets  to  prevent  recapture 
Inim-diately  after  the  spray,  re-entry  time  was 
noted  by  counting  (he  number  of  minutes  elapv 
mg  before  the  flies  were  seen  to  return  to  the 
investigator  After  determining  the  re-entry  time, 
the  investigators  then  conducted  flv  counting  in  the 
manner  described  above  at  15  minute  inter '.vis 
until  dark.  This  procedure  was  designated  as 
the  "post-count.''  To  determine  the  kill  of 
trapped  flies,  adult  black  flies  were  collected  in 

4 Butoxypolypropylene  Glycol  100%  (8.25  lbs/ 
gal). 
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standard  handswcep-nets  and  also  in  thr  passen- 
ger cab  area  of  the  investigators'  trucks  with  an 
aspirator.  They  were  then  placed  in  clean  nets 
and  later  located  on  the  open  road  or  in  the  bed 
of  the  investigators'  trucks.  In  all  tests  thr  black 
flies  were  exposed  throughout  thr  spray  applua 
lion. 

At  least  a dozen  oil-red  dye  cards  were  placed 
horizontally  within  each  • ite  on  metal  stands  to 
determine  droplet  density.  Teflon-coated  micro 
scope  slides  were  also  placed  on  existent  wooden 
stakes  to  collect  droplets  dispersed  from  the 
aerial  applications.  Droplet  sizes  were  com- 
puted using  the  technique  described  by  Yeomans 
(1949).  Sampling  stations  were  spaced  at  1 
mile  intervals  along  each  test  site. 

Results.  Four  aerial  spray  missions  were 
flown  during  the  period  24  May- 14  June  107? 
On  one  occasion  three  applications  were  applied 
at  three  different  sites  on  the  same  day  with  the 
weather  and  biological  parameters  being  equal. 

The  effect  of  aerial  spraying  as  a control  mea- 
sure for  adult  blackflies  was  unsatisfactory.  The 
kill  of  trapped  blackflies  for  all  treatments  as 
well  as  the  natural  population  is  seen  in  Table  1 
The  data  on  kill  of  trapped  blackflies  along  with 
the  natural  population  at  all  test  sites,  as  well  as 
weather  observations,  definitely  showed  that  this 
poor  control  was  attributed  to  many  variable  fac- 
tors other  than  re-entry  and  rc  infiltration  by 
blackflies. 

At  windspeeds  above  7 mph  it  was  apparent 
that  the  spray  applications  were  not  effective  and 
this  was  directly  correlated  with  reduced  fly  activ- 
ity. Temperature  was  also  a factor  which  sig 
mficnntly  influenced  bUckfly  activity  as  well  as 
light  intensity-  This  was  clearly  demonstrated  b\ 
the  high  rate  of  kill  for  trapped  flies  with  th< 
malathion  95%  treatment.  The  temperature  at 
the  time  of  application  was  70°  F and  at  the 
end  of  the  application  it  was  69'  F.  All  other 
applications  had  temperature  changes  anywhrrt 


from  5 1 t degrees.  It  was  noted  that  blackfly 
activity  diminished  rapidly  with  .1  decrease  in 
light  intensity  as  seen  lu  luie  sunrise  and  sunset. 
I here  was  no  evidence  that  hnmiditv  was  a 

I II  lol  . 

I lie  droplet  distribution  on  the  dvr  cards  was 
dii  es  1 1 \ ioi  related  to  incKMsrd  wind  speeds  dnr 
mg  most  of  the  spraying  operations.  Tills  was 
evidenced  by  the  fact  that  some  dye  cards  had 
adequate  coverage  whereas  others  had  scattered 
distribution  There  was  no  difference  in  drop 
let  distribution  (or  those  dye  cards  placed  <>n  thr 
open  road  and  Air  under  vegetative  cover  other 
than  that  slue  to  increased  windspeeds  The 
droph  t si/es  for  each  tompound  tested  are  seen 
in  I able  2 

It  tan  clearly  hr  seen  that  aerial  spiaying  was 
inrthxUvc,  hut  one  uunt  consider  the  variables 
associated  with  blackfly  activity , as  well  as  the 
inherent  errors  of  I’LV  applications  of  a pesticide. 
I iioinpson  (107D  reported  that  when  an  effective 
application  tale  is  found,  work  should  he  ex- 
tended to  define  that  rate  in  terms  of  the  amount 
of  insecticide  in  a specific  solvent,  of  droplet  size 
and  droplets  per  given  unit  area.  Perhaps  a 
more  dilute  solution  of  the  insecticides  used 
would  have  been  more  effective  for  blackfly  con- 
trol. Phvsic.il  parameters  such  as  temperature, 
humidity,  light  and  wind  speed  are  very  critical 
to  the  hlackflc  and  if  adult  control  is  to  he 
achieved,  the  compounds  must  be  applied  when 
ever  most  of  the  flies  are  on  the  wing.  The 
conditions  under  which  the  experiments  were 
conducted  were  not  that  ideal. 

The  adverse  weather  conditions  (wind  and 
temperature)  which  prevailed  at  Camp  Drum 
made  it  difficult,  if  not  impossible,  to  select  an 
ideal  time  to  treat  the  sites  with  the  compounds 
tested  The  winds  and  temperatures  at  Camp 
Dium  are  analogous  to  the  breezes  and  tempera 
turfs  one  finds  at  the  beach.  In  the  earls  morn 
mg,  there  is  little  wind;  however,  the  tempera* 


Table,  i 

Control 

ot  njtur.il  and  trapped  a<lult  bi.n  kiln  s.  5 
V.  fortifier  with  UI.V  aerial  sprays. 

1 rut* 'Inn  1 

and 

• Prc 

* Pm*. 

Av/j 

treatment 

tre  atmrnt 

",  kill 

Avu 

wtndspt  til 

Dose  rale 

count 

count 

trapped 

Insecticide 

SlIC  # 

temp 

( mph ) 

(fl  07  acre ) 

per  man 

per  man 

flu. 

Malathion  95% 

a 6-  j 

60”  F 

A 

6 

*7 

18 

loo 

Malathion  57% 

26-6 

F 

6 

1 2 

5 

7 

0 

Dibrom  14 

26-1 

6o*  F 

8 

1 

5 

6 

1" 

Dtnbrorn  plus 

Stabilene 

16R 

6c*  F 

9 

5 

t 2 

«4 

0 

Untreated 

16-c 

6S”  F 

8 

0 

16 

lt> 

0 

Untreated 

26  C 

6,“  F 

6 

0 

9 

lo 

O 

Untreated 

2(y~C 

60  * f- 

» 

0 

H 

8 

O 

Untreated 

26  C 

t»4*  F 

9 

0 

15 

»6 

0 

* Average  count  per  man  after  taking  counts  at  is  minute  intervals  befoir  actual  treatment 
h Average  count  per  man  after  taking  counts  at  is  minute  intervals  until  dark. 
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Tamip.  2 Si/e  of  droplets  collected  with  aerial  application  of  insecticides  when  applied 


with  USA!'  l!C 

1 a iK 

aircraft 

Insecticide 

Dose  ( lb 
per  acre) 

Volume 
(fl  07 

per  acre) 

1 hspei  sal 
altitude 
(fret) 

Terfel 

(no.) 

Nozzle 

(size) 

Line 

(PSi) 

Micron 

diameter 

lange 

Average 

diameter 

(Micron) 

Malathion  95% 

0 45 

6* 

I5«> 

1 2 

8003 

42 

5-110 

33 

Malathion  57% 

0.54 

1 2 

200 

44 

8006 

40 

5-123 

35 

Dibrom-  - 1 4 

0.  in 

1 

200 

8 

8003 

57 

19-114 

45 

Dibrom  plus 
repellent  * 

0 10/0/25  5 

1 50 

1 2 

8006 

*5 

4-237 

40 

1 2 passes  at  3 07  per  acre. 
* Stabilrne  (H  26  Ibs/gal) 


lures  are  too  low  for  dispensing  insecticides  since 
most  of  the  (rmpoumh  start  to  crystallize  at 
temperatures  below  70°  F.  About  0 a.m.  the 
wind  picks  up  and  stays  rather  active  with  gusts 
greater  than  i"  mph  until  sometime  late  in  the 
afternoon  depending  u|*on  whether  its  direction 
shifts  to  direct  north  or  not.  In  the  evening, 
prior  to  sunset,  the  wind  dies  down,  but  the 
tem|>erature  also  drops  making  conditions  for 
aerial  spraying  unsatisfactory.  The  investigators 
feel  that  typical  weather  conditions  at  Camp 
Drum  are  not  ideal  for  aerial  spraying  and  that 
new  compounds,  wlmli  are  effective  at  lower 
temperatures,  should  be  considered  for  future 
tests. 

It  appears  that  .in  area  greater  than  5 square 
miles  is  also  required  to  prevent  rapid  re-entry 
anil  infiltration  of  the  natural  blackfly  population 
outside  of  the  perimeter  not  sprayed.  Perhaps 
something  like  50-60  square  miles  is  needed  to 
reduce  blackfly  populations  for  an  area  like  Camp 
Drum.  Consideration  for  such  control  measures 
may  not  be  economically  feasible  when  one  de- 
termines the  financial  support  needed. 

All  of  the  aforementioned  variables  concerning 
ULV  dispcrsjl  and  adult  blackflv  control  need 
further  evaluation.  It  would  appear  that  ob- 
servations over  several  seasons  are  required  to 
evaluate  such  factors  as  windspeed,  light  inten- 
sity and  temperature. 

Satisfactory  control  was  not  achieved  with  S'><» 
and  1000  foot  swath  intervals  with  the  Air  Force 
UC-123K  aircraft,  but  additional  research  needs 
to  be  done  to  determine  whether  other  com 
pounds,  with  different  formulations  Could  he 
utilized  for  adult  blaskflv  control  programs 
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1 


Attempts  at  aerial  control  of  adult  black  flies  were  unsuccessful  at  Camp 
Drum,  NY,  in  1973  (Carestia  et  at,  1974).  The  probable  reasons  for  the 
failure  were  improper  insecticide  aerosol  droplet  sizes,  extreme  temperature 
fluctuation  during  aerial  operations,  and  use  of  ineffective  insecticide 
formulations.  Since  aerial  spray  operations  were  not  successful,  there 
remained  a necessity  to  develop  an  effective  insecticide  formulation  for 
routine  and  emergency  control  of  black  flies. 

As  with  last  year's  study  the  US  Air  Force  Reserve  355th  Tactical  Air  Lift 
Group/Spray  Branch,  using  UC123K  aircraft,  were  the  designated  applicators. 
Naled  was  the  insecticide  of  choice  and  was  applied  in  two  different 
formulations.  Technical  grade  Dibrom-14"')  was  applied  at  1 oz  per  acre, 
and  a one  to  nine  solution  of  technical  grade  Dibrom-14  in  heavy  aromatic 
naptha  (HAN)  was  applied  at  10  fluid  oz  per  acre;  in  the  latter  case  the 
10  oz  per  acre  dosage  rate  was  obtained  by  two  consecutive  applications 
of  5 oz  per  acre.  With  each  formulation,  0.103  lb  of  Dibrom-14  was 
applied  per  acre  which  is  in  accordance  with  registered  label 
instructions. 

Mean  pre-  and  post-spray  black  fly  population  indices  were  determined 
using  a modified  miniature  CDC  trap  with  CO.,  as  the  attractant.  Two 
traps  were  operated  daily  from  0900  to  1800  near  the  center  of  each 
test  plot.  Pre-spray  indices  were  determined  for  a period  of  7 days  prior 
to  actual  spraying  while  post-spray  indices  were  recorded  daily  until  the 
adult  populations  increased  in  numbers  to  a point  equal  to  or  greater  than 
the  pre-spray  index  recordings.  Immediately  prior  to  the  spray  missions, 
three  net  cages  (mesh  size  #30)  containing  black  flies  were  placed  near  the 
center  of  each  test  plot.  The  purpose  of  this  procedure  was  to  evaluate 
the  kill  rate  of  black  flies  with  respect  to  each  formulation. 

Additionally,  dye  cards  and  Teflon^  coated  slides  were  placed  in  various 
locations,  perpendicular  to  the  flight  path,  to  determine  the  distribution 
and  size  of  droplets  being  dispersed.  Finally,  temperature,  wind  and  time 
were  recorded  immediately  before,  during  and  after  each  spray  mission. 

The  mass  median  diameter  of  droplets  using  Yoemans ' (1949)  technique  was 

not  calculated  because  it  was  felt  that  the  confidence  interval  of 
the  mean  was  a more  statistically  valid  procedure  in  this  instance. 

On  4 June  1974  from  1950  to  2100,  the  first  aerial  spray  application 
covering  10,240  acres  was  conducted.  Dibrom-14  was  dispersed  at  a rate  of 
1 oz  per  acre  through  ten  8008  TeeJet  flat-fan  nozzles  set  at  4S°  down 
with  a boom  pressure  of  47  psi.  The  aircraft  was  operated  at  a speed  of 
150  mph,  at  an  altitude  of  150  feet  for  a 500  foot  swath  interval. 


"teflon  is  a registered  trademark  of  E.  I.  DuPont  De-Nemours  and  Co,  Inc, 
Wilmington,  DE. 

'"Dibrom-14  is  a registered  trademark  of  the  Chevron  Chemical  Co,  Richmond,  CA. 
^TeeJet  is  a registered  trademark  of  the  Spraying  Systems  Co,  Bellwood,  IL. 
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The  mean  of  pre-spray  trap  indices  was  recorded  at  4,435  specimens, 
actual  spray  operations,  the  temperature  dropped  from  75  F at  1950  to 
63  F at  2100  with  wind  conditions  remaining  near  0 mph.  The  previously 
mentioned  three  test  net  caqes  yielded  only  60  percent  mortality  within 
20  minutes  after  exposure  to  Dibrom-14.  This  indicates  that  the  application 
rate  used  was  not  entirely  effective  since  netted  specimens  should  have  a 
hiqher  rate  of  mortality  than  the  naturally  occurring  population.  The 
rationale  for  such  reasoning  is  that  netted  specimens  have  a qreater 
chance  of  cominq  in  contact  with  insecticide  droplets  either  by  direct 
contact,  or  by  indirect  contact  on  the  nettinq.  Insecticide  droplets 
from  Teflon  coated  slides  were  calculated  to  have  a mass  median  diameter 
of  49.45y  with  a confidence  interval  of  6.6%  at  .05  level  of  siqnif icance. 
However,  since  the  mean  droplet  size  was  considerably  oreater  than 
recommended  10-25u  (Mount  1970) , it  is  understandable  why  caqed  specimens 
were  not  effectively  killed.  Dronlets  were  in  all  probability  not  penetratinq 
the  net  mesh,  and  only  those  black  flies  that  came  in  direct  contact  with 
impinqed  droplets  on  the  nettinq  itself  were  affected.  Pye  card  results 
showed  the  droplets  to  be  evenlv  distributed,  thus  suqqestinq  uniform 
coverage. 

On  5 June,  the  day  following  spraying,  the  trap  index  was  163,  clearlv 
showing  a significant  decrease  from  pre-sprav  indices.  However,  the 
recordings  on  6 June  revealed  an  index  of  5235,  an  increase  of  750 
specimens  over  the  mean  of  pre-spray  indices.  The  conclusion  based  on 
this  increase  was  that  control  efforts  were  only  effective  for  74-30 
hours.  This  decision  was  not  altered  even  thouqh  the  7 and  8 June  trap 
indices  showed  a drop  to  1600  specimens.  It  should  be  noted  that  daily 
trap  indices  vary  from  day  to  day  and  the  increase  on  the  6 June  was 
probably  a result  of  new  emergence  of  black  flies. 

The  second  aerial  spray  mission  was  conducted  on  2 1 June  from  0715  to 
0900  over  an  area  of  17,280  acres.  The  solution  of  1 part  Dibrom-14  in 
9 parts  HAN  was  dispersed  through  twelve  8010  TeeJet , flat-fan  nozzles  set 
at  45  down  with  a boom  pressure  of  59  psi  at  a rate  of  5 oz  per  acre; 
two  passes  over  the  entire  area  were  made  resulting  in  an  application 
rate  of  10  oz  per  acre.  The  same  flight  specifications  of  speed  and  swath 
were  used  as  in  the  first  spray  application. 

The  moan  of  pre-spray  trap  indices  was  1323  specimens.  The  temperature 
dropped  from  73  F at  0730  to  66  F at  0900  and  near  zero  mph  wind 
conditions  prevailed.  Unlike  the  first  sprav  mission,  100  percent 
mortality  was  achieved  with  netted  specimens  within  20  minutes  after 
completion  of  spray  operations.  The  initial  application  of  5 oz  per 
acre  of  Dibrom-14  in  HAN  appeared  to  have  no  effect  on  the  netted 
specimens.  The  reason  for  such  a phenomenon  is  still  unresolved.  The 
mass  median  diameter  droplet  size  was  calculated  at  36. 71n  with  a 
confidence  interval  of  8.43  at  0.05  level  of  significance.  The  mean 
droplet  size  of  36.71y  did  not  fall  within  the  recommended  diameter 
range;  however,  a high  mortality  of  caqed  specimens  was  achieved. 

Droplet  dispersal  was  determined  by  dye  card  analysis  to  he  even  and 
random,  thus,  indicating  potential  uniform  aerial  coverage. 


Effective  control  was  determined  to  bo  npproximtely  10  davs  in  lenqth. 

The  period  of  control  may  have  been  lonqer»  however,  the  adult  population 
was  already  on  the  decline  when  aerial  spray  operations  went  into  effect, 
and  it  would  be  difficult  to  determine  if  low  trap  indices  were  a result 
of  aerial  spray  control  or  natural  population  decline. 

In  conclusion,  it  is  apparent  that  aerial  control  of  adult  black  flies 
can  be  achieved  usinq  a Dibrom-14  and  HAN  mixture  as  previously  specified. 
The  duration  of  control  is  somewhat  subjective,  but  a 7-  to  10-day  control 
period  can  be  achieved  with  some  certainty. 
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INI1<<1IH<  NON  Adequate  pi  met  five  mcasuies  1 
gainst  blackflies  and  other  (mine,  diptera  at  ( amp  Drum. 
New  York  have  been  needed  lot  many  years,  hut  the  need 
now  has  become  more  urgent  with  the  reorganization  of 
the  U S.  Army  and  us  emphasis  on  better  trained  and  equip 
ped  Reserve  and  National  Guard  Forces  The  annoyance  and 
irritation  caused  by  bl.ickllies  is  adverse  to  morale,  training 
and  lecruilmcnl,  especially  during  the  spring  and  summer 
training  months. 

In  May  1973.  a preliminary  study  was  initialed  lo  eval 
uatc  ultra  low  volume  (ULV)  ground  applications  of  non- 
persistent  insecticides  for  the  contiol  of  adult  bl.ickflics 
In  the  past  five  years,  numerous  field  studies  have  shown 
excellent  results  and  success  with  such  application  for  the 
control  of  adult  mosquitoes  as  well  as  other  pestiferous  in 
sects  Mount  ct  al.  (1968)  showed  that  the  dispersal  of 
ultra  low  volumes  of  undiluted  insecticides  as  nontheimal 
aerosols  using  Malathion  applied  at  0.68  gallon  per  hour 
fgphl  was  as  effective  against  caged  adult  mosquitoes  as  di 
luted  thermal  aerosois  dispersed  al  40  gph.  Lower  costs  and 
less  environmental  contamination  offered  by  this  type  of 
application  (Taylor  and  Schoof  1971)  make  this  technique 
more  desirable  and  ideal  for  selection.  This  reasoning 
coupled  with  the  recent  innovations  of  commercial  ULV' 
dispersal  equipment  has  created  considerable  interest  in  this 
concept  for  insect  control  The  following  tests  were  made 
during  the  spring  and  summer  of  1973  at  Camp  Drum,  to 
drier  mine;  ())  the  efficacy  of  various  aerosols  as  adult  i 
cidcs.  (2)  the  species  composition  of  blackflies  attacking 
man  during  the  study.  (3)  the  most  favorable  time  of  day 
for  ULV  spraying;  and  (4)  the  ic-cntry  time  of  blackflies 
after  spraying. 

MaTI  KIAIS  and  Ml  TIIODS  Seven  test  sites  includ 
ing  one  check  area  were  used,  each  approximately  a mile 
long  and  300  feet  wide  The  following  insecticide  formula- 
lions  were  applied  (I)  33.8%  Malathion  plus  14  5% 
Lelhane®;  (2)  Pvrocide®  7067  (5%  Pyrethrum  plus  25% 
Piperonyl  Butoxide),  (3)  Pyrocide  X-2749  (5%  Pyrethrum. 
25%  Piperonyl  Butoxide  plus  5%  Repellent  II).  (4)  85% 
Dibroin-14®.  (5)  9.3%  Dihrom-14  and  (6)  6.5%  Baygon®. 
The  lest  area  is  described  as  a decidious  forest  with  a com- 
bination of  dense  and  semi  dense  vegetation  consisting 
mostly  of  single  canopy  with  some  small  open  areas  measur- 
ing approximately  1 00  square  yards.  A Rotary  Tube  Sprayer 
described  and  designed  by  Barnhart  and  Sheldon  (1973) 
was  used  for  dispersing  all  of  the  compounds.  The  principle 

I The  opiniom  or  axivrtions  contained  heroin  arc  Ihc  private 
viov<  of  Ihc  author*  and  ate  no!  lo  be  lomniied  a*  official  or  as 
reflecting  the  views  of  the  IVpartmenl  of  Ihc  Army  or  the  DOD 
Research  sponsored  by  the  I'.S  Anns  Medical  Research  and  Prvel 
opment  Command.  Washington.  D.  C.  20314,  under  Contract/ 
l Irani  No  DA  3A  06 1 102B7  I P0I . 

7fl.  S.  Army.  t'S  Army  Medical  laboratory,  ft  George  G. 
Meade.  Maryland  20755. 

^U.  S.  Army.  U.S  Anny  Medical  t aboratory.  I t Sam  Houston. 
Texas  78234 


• •I  the  mtaiy  tube  spiaycr  is  muih  w li.it  aiul.ipous  to  the 
"Hit  gun",  in  which  air  is  passed  .u  j high  velocity  ovci  the 
up  ol  a liquid  filled  tube  In  the  rotary  tube  sprayer,  the 
tube  of  liquid  is  rotated  so  that  its  tip  moves  rapidly 
through  the  air  The  effect  is  atomization  in  both  cases 
This  principle  was  first  developed  by  Barnhart  (1962)  at 
Fort  Belvou . Virginia 

The  Rotary  Tube  Sprayer  has  two  polypropylene  plastic 
tubes.  1/8  in  OD,  mounted  on  a metal  bowl  set  on  edge, 
w hich  is  belt  driven  The  rotary-tubes  are  located  in  the  out 
let  air  stream  of  a 17.000  cu  ft/min  vanaxial  fan.  also  belt- 
driven  The  air  stream  serves  to  move  the  atomized  liquid 
from  the  vicinity  of  the  spiay  “i  A six  horsepower  gasoline 
engine  powers  both  fan  and  rotary  tubes  The  speed  of 
rotation  of  the  tubes  can  be  varied  between  3.000  to  6.000 
rpm.  An  automotive  type  tachometer  registeis  the  speed 

Liquid  lo  be  sprayed  is  pumped  to  the  rotating  bowl  by 
means  of  an  electric  fuel  pump  The  sprayer  bowl  has  a con- 
stricted rim  Centrifugal  force  prevents  overflowing  and  no 
packing  gland  or  rotary  seal  is  needed  where  the  liquid 
enters  the  bowl.  The  liquid  leaves  the  bowl  through  two  op- 
positely mounted  1/8  in  OD  polypropylene  tubes,  each  of 
such  length  that  the  distance  from  the  center  of  the  bowl 
to  the  tip  of  the  whip  is  1 1 in  The  Rotary  lube  ULV 
Sprayer  was  calibrated  to  deliver  three  gallons  per  hour  of 
the  material  tested  with  an  RPM  setting  of  5.600. 

In  order  to  determine  the  efficacy  of  the  aerosols  tested, 
prior  to  each  test  li\c  flics  were  collected  in  hand  sweep 
nets,  and  also  collected  in  the  passenger  cab  area  of  the  eval- 
uators* truck  by  the  use  of  an  aspirator.  Ten  flics  each  were 
placed  in  clean.  No.  30  mesh  nets,  positioned  behind  and/or 
on  top  of  vegetation  approximately  thiee  feet  above  ground 
at  fixed  distances  downwind  from  the  sprayer  To  ensure 
that  the  netted  flies  were  not  influenced  by  heat  or  other 
adverse  factors  poor  to  testing,  they  were  held  for  at  least 
30  minutes  200  yards  upwind  of  the  spiayei  and  observed 
for  mortality.  Immediately  after  exposure,  the  flies  were 
taken  out  of  the  bags  and  placed  in  clean  white  enamel  pans 
(12  x 24  x 2)  and  observed  foi  mortality  During  each  test, 
pre-counts  of  blackflies  were  made  at  locations  appioxi 
male ly  J 50  feet  into  the  test  site  This  was  accomplished  by 
sweeping  three  times  above  the  investigators  head  cvciy  15 
seconds,  taking  the  highest  count.  After  each  sweep,  flics 
were  killed  by  crushing  in  the  nets  to  prevent  recapture. 
After  spraying,  re  entry  time  was  noted  by  counting  the 
number  of  minutes  elapsing  before  the  flies  weie  seen  to 
return  After  determining  re  entry  lime,  a “posit real inent 
count"  was  conducted  in  the  manner  described  above  At 
least  two  replicates  wcic  used  for  each  compound  tested 
llie  passes  were  made  at  a i ate  of  three  gallons  per  hour 
with  a vehicle  speed  of  5 mph.  The  dosage  in  Ib/acrc  was 
calculated  on  the  basis  of  a swath  width  of  300  feet  (182 
acres  per  hour)  This  method  of  recording  dosages  probably 
does  not  give  a true  measure  of  insecticidal  deposit  per  acre, 
however,  it  docs  enable  investigators  to  compare  one  test 
to  another  Dioplct  si/e  was  determined  by  handwaving 
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teflon-coated  slides  at  25  feet  from  the  spiayei  according 
to  the  method  of  Yeomans  (1949)  A minimum  of  200 
droplets  was  sampled  for  each  compound  tested  Any  drop 
let  with  a spread  factor  greater  than  1.48  received  no  cor 
reel  ion  factor  All  tests  were  conducted  in  the  afternoon 
during  the  period  1600  1800  hrs  Temperature  and  humid 
ity  weie  determined  at  the  test  site  by  thermometers  and 
sling  psychrometers  Wiudspceds  were  measured  with  a 
Dwyer®  wind  meter 

Io  determine  what  time  of  day  would  he  most  advan 
tageous  for  spraying,  a seven  day  field  monitoring  test  was 
conducted  at  one  of  the  sites.  Each  day  was  divided  into 
four  time  periods  as  follows  sunrise  (0500-0800),  noon 
( 1 1 30- 1 2 TO),  afternoon  (1600  1610)  and  sunset  (I9(K) 
2100)  lempcrulurc.  humidity,  general  weather  conditions 
and  blackfl/  activity  were  noted.  Blackfly  activity  was  de 
ter  mined  by  use  of  the  h.mdsweep  net  ovci  and  around  the 
investigator's  head  During  each  time  penod,  specimens  were 
collected,  mounted  and  later  identified. 

RISI'ITS  AND  Discussion  Results  of  the  ground 
ULV  spraying  are  shown  in  Table  I Although  kill  was 
shown  for  all  compounds  except  Malathion  plus  l ethane  up 
to  distances  of  22 5 leet.  the  natural  populations  at  all  sites 
were  not  reduced  for  any  period  longer  than  .3  6 minutes. 
All  compounds  were  effective  but  there  was  a difference  in 
time  required  to  obtain  100%  kill  Dibrom-14  in  both 
concentrations  was  the  most  effective  for  quick  kill 
(.3  nun  ),  whereas.  Malathion/l  ethane  took  the  longest 
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Table  I Kill  of  netted  adult  Stmulium  i rnustum  Say 
obtained  with  Ul  V rotary  tube  spiaycr 


Compound 

Discharge 

gl’h 

No 

Tests 

Distance  (ft)  A.  Kill  ("3  ) 
50  125  225  .300 

malathion  (38  B'T’ )/ 

Icthanc  (14. S'*) 

3 

4 

100 

70 

0 

0 

tlibrom  14  (85%) 

3 

2 

too 

100 

100 

0 

dibroin  14  (9  3>) 

3 

3 

too 

too 

100 

0 

pyruude  5% 

3 

3 

100 

100 

70 

0 

pyroude  x 2749 

3 

2 

too 

100 

70 

0 

bay  con  (6  5 : ) 

3 

2 

100 

100 

50 

0 

time  to  produce  100  " mortality  (25  nun  ) There  was  no 
significant  difference  between  the  pyiethrum  compounds. 
Table  2 shows  the  results  of  the  compounds  tested  against 
natural  population  of  blackflies  The  average  tem|viature 
was  75  . humidity  65%,  windspeed  6 mph 

Two  species  of  blackflies.  Simulwm  i rnustum  Say  and 
l>rouinulium  hirttprs  complex  were  responsible  loi  attacks 
on  man  in  the  test  area  and  were  the  most  persistent  and 
abundant  species  collected  Figure  I shows  activity  at  differ 
ent  times  of  the  day  Adult  (Tight  activity  was  influenced 
by  the  following  temperature,  light  intensity,  windspeed 
lain  and  othei  meterological  factors.  Theie  appealed  to  be 
an  upper  and  lowei  temperature  gradient  which  strongly  in 
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I.iblc  2 Pita  from  spiavmp  with  ultra  low  volume  aero 
sols  at  Camp  Drum,  N Y 


( otnjHiund 

1 Htsage 
lb  per  acre 

Re-entry 
1 ime 
Minutes 

\vg  | lies 
Pie -spray 

pet  Sweep 
Post  spray 

mat athion  (38  H’t  |/ 
le thane  (14  5%  | 

062/018 

3 

6 

7 

dibtorn  14  (85%) 

230 

6 

5 

7 

dihrom  14  (9  3%) 

022 

6 

7 

7 

pyrocidc  (5%) 

.007 

5 

5 

6 

pyroerde  x 2749 

.00  7 

6 

6 

6 

baygon  (6.5%) 

on 

3 

5 

6 

fluenced  blackfly  activity.  Blackflics  became  active  at  tcm 
peratures  above  50°  Windspeeds  greater  than  7 mph  de 
creased  blackfly  activity  to  nil.  Observations  indicate  that 
only  a small  percentage  of  the  blackflies  in  any  area  are 
Hying  at  a given  time  Most  arc  resting  in  dense  vegetation 
or  other  protected  sites.  When  an  individual  or  a vehicle 
moved  into  an  infested  area,  at  firjt  there  was  nogieat  sign 
of  blackHy  activity  , however,  within  2-3  minutes  the  Hies 
appear  to  sense  the  host  and  actively  seek  him  out. 

The  Rotary  Tube  Sprayer  used  for  these  tests  presented 
a variable  in  the  test  data  because  of  inconsistent  perfoim 
ance.  The  shroud  enclosure  trapped  a considerable  amount 
of  material  which  Ic.iked  onto  the  engine,  creating  inha  la 
tion  hazards,  and  allowed  significant  loss  of  material  to 
occur,  and  the  production  of  larger  droplets.  Mount  (1970) 
concluded  that  for  effective  ground  aerosol  applications,  a 
mass  median  diarnefer  droplet  sue  of  5 to  10  p is  optimum 
to  impinge  on  target  insects.  Lofgien  et  al.  (1973)  con 
ducted  tests  with  soybean  oil  dispersed  by  a truck  mounted 
Leco  Model  HD®  aerosol  generator  and  found  that  aerosol 
droplets  of  2-16  p impinged  on  all  body  sections  of  caged 
mosquitoes,  while  under  field  application  conditions,  drop- 
lets of  18  p diameter  impinged  on  outdoor  non  caged 
specimens  In  both  cases  impingement  of  droplets  greater 
than  16  p was  not  obtained  The  results  of  our  tests  show 
that  most  of  the  aerosol  particles  produced  by  the  Rotary 
Tube  Sprayer  were  not  that  small  and  plentiful  enough  to 
give  adequate  coverage,  and  yet  impinged  readily  on  the 
body  surface  of  the  blackfhcs  Observations  on  the  amount 
of  material  trapped  in  the  shroud  substantiate  these  findings 
even  when  consideration  is  given  to  the  inability  of  the 
hind  waved  slide  collection  technique  to  collect  droplets 
smaller  than  5 p (Rathburn  1970)  Perhaps  the  rotary  tube 
whips  should  he  located  outside  the  shioud  to  alleviate  this 
pioblem  The  sprayer  used  failed  to  give  effective  penrtra 
lion  into  dense  vegetation  and  to  adequately  clear  the 
vehicle.  As  a result,  there  was  excessive  wetting  by  spray 
material  on  the  side  of  the  vehicle  after  each  application. 
Droplet  ranges  and  mass  median  diameters  of  the  com 
pounds  tested  arc  shown  by  Table  3. 

CONCLUSIONS.  Ground  ULV  applications  of  non- 
persistent  insecticides  produced  kills  of  tiapped  adult  black- 
Hies  at  distances  up  to  225  feet  downwind  Dibroin  at  two 
concentrations  tested  was  the  most  effective  compound. 


and  requued  the  lost  .i  lounl  of  time  to  give  1(H)'  kill 
(three  mm  >.  Control  . * tin  mutual  adult  population  wjs 
not  achieved  (1)  disposal  ot  the  insecticide  beyond  225 
led  could  not  be  accomplished.  (2)  reentry  and  infill ra 
tu  n from  the  outei  pen  neici  not  spiayed  w .is  great . and 
(Da  significant  amount  of  the  mateiial  reh.ised  did  not 
icach  the  target  insect.  (4)  the  patttcles  wcie  too  large  to 
penetrate  vegetation  and  to  impinge  on  the  blackfltes 

Additional  research  should  be  done  to  evaluate  the  effect 
of  environmental  and  meterological  factors  r.uch  as  temper- 
atures, windspeed,  etc  which  strongly  influence  blackfly 
activity  and  are  directly  correlated  with  the  effectiveness  of 
control  measures 


fable  3.  Mass  median  diameter  and  lange  distribution 
of  ultia  low  volume  ground  aerosols  tested 


Compound 

Range 

(P) 

Average 
(pi  Dia. 

mnid 

(M) 

Discharge 

gph 

malathion  (38.8%)/ 

lethane  (14.5%) 

8 55 

19 

33 

3 

dihrom  14  (85%) 

10  38 

14 

24 

3 

dihrom  14  (9.3%) 

19  38 

22 

78 

3 

pyrocidc  (5%) 

8-57 

18 

27 

3 

pyrocide  x-2749 

3 76 

27 

37 

3 

baygon  (6  5%) 

8 36 

19 

28 

3 
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1.  Purpose . To  conduct  preliminary  field  evaluation  of  resmethrin 
insecticide  (effectiveness  against  adult  black  flies  (Simuliidae) 
during  late  June  1973  at  Fort  Drum,  Mew  York. 

2.  Methods. 


a.  Adult  black  flies  were  collected  in  the  field  and  placed  into 
small  white  nylon  insect  collecting  nets  for  testing  against  1.2% 
aerosolized  resmethrin;  between  10  and  30  specimens  were  used  for  each 
replicate.  During  each  test,  which  consisted  of  three  replications, 
nets  were  held  approximately  2 feet  in  front  of  spray  can.  Resmethrin 
was  then  released  for  a period  of  3 seconds,  which  was  estimated  as 
enough  time  to  sufficiently  cover  and  penetrate  each  net. 

b.  The  effectiveness  of  resmethrin  was  determined  by  observing  black 
fly  mortality  over  given  time  intervals  as  presented  in  Tables  1-3. 

3.  Results . The  results  suggested  that  a 1.2%  aerosolized  resmethrin  wi 
knock  down  black  flies  within  1 minute  and  attain  100%  kill  against  caned 
adult  black  flies  in  approximately  5 minutes  under  the  test  conditions 
reported.  However,  further  field  evaluation  to  include  ground  and  aerial 
ULV  insecticide  application,  are  needed  to  conclusively  determine  if 
resmethrin  will  effectively  and  economically  control  adult  black  Flies 
in  the  field. 


Rept  No.  61-0614-77,  Dev  of  Ground  and  Aerial  Adult  Control  Measures  for 
Biting  Diptera  Without  I'sing  Persistent  Pesticides,  March  1973  - June  1976 


APPENDIX  E 

BIONOMICS  OF  BLACK  FLY  SPEC IKS  OF  FORT  DRUM,  NY 


Unpublished 


1 . Species  Present. 

a.  Pvoainrulium  hirtipea  is  a holarctic  species  common  throughout 
New  York.  It  overwinters  in  the  larvae  staqe.  The  number  of  P.  hirtiprs 
larvae  declines  rapidly  in  the  spring.  They  begin  biting  about  a week 
after  emergence  and  the  adults  live  for  about  3 weeks.  Members  of  this 
complex  may  be  very  abundant  and  are  severe  bloodsuckers  of  man. 

b.  Proaimulium  mixture , the  first  of  the  pest  species  to  attack  man 
in  the  spring,  is  one  of  three  or  more  very  similar  appearing  species  in 
the  "hirtipea"  group.  This  species  is  annoying  in  the  north-eastern 
United  States  and  eastern  Canada.  P.  mixtun  breeds  in  all  kinds  of 
unpolluted  streams,  both  temporary  and  permanent,  from  tiny  trickles  to 
the  largest  rivers.  It  is  a univoltine  species  that  overwinters  primarily 
in  the  larval  stage » some  eggs  may  hatch  late  in  the  winter  or  even  very 
early  spring. 

c.  Cnephia  mutata  is  an  early  spring  species.  Larvae  of  C.  mutata 
are  found  in  temporary  or  permanent  streams.  It  overwinters  in  the 
larvae  stage  and  adults  of  this  species  are  most  abundant  in  May  and 
June.  The  adults  are  usually  not  anthropophilic.  It  will  swarm  around 
and  alight  on  man  but  rarely  feeds  on  man. 

d.  Simulium  venuatum  is  a holarctic  species  that,  in  the  Americas, 
is  found  from  Alaska  in  the  west  to  Greenland  in  the  east  and  as  far 
south  as  Texas,  Mississippi  and  South  Carolina.  S.  venuatum  breeds  in 
small,  medium  and  large  rivers  but  is  especially  abundant  in  unpolluted 
turbulent  mountain  streams,  particularly  below  pools,  ponds,  lakes  and 
beaver  dams.  The  over-wintering  egqs  do  not  hatch  until  spring  when  the 
water  temperatures  reach  40  - 45°  F.  This  species  is  multivoltine  with 
generations  being  annoying  well  into  the  summer  and  a period  of  newer 
annoyance  in  September  and  October. 

2.  Parameters  Influencing  Flight  Activity. 

a.  Temperature.  A temperature  gradient  exists  which  significantly 
influences  flying  activities.  Observation  during  a 7-day  continuous 
period  during  May  - June  1973  demonstrated  that  the  temperature  must 
reach  approximately  50  before  flight  activities  begin.  Temperatures 
below  this  level  inhibit  flight.  In  addition,  there  appears  to  be  a 
direct  relationship  between  increased  temperature  and  increased  flyinq 
activities.  That  is,  as  the  temperature  increases,  so  does  the  flyinq 
population.  This  continues  until  the  opposite  end  of  the  gradient  is 
reached,  at  which  time  the  flying  population  diminishes.  This  appears 
to  occur  somewhere  above  the  85  mark. 


E-l 


b.  Light  Intensity.  The  light  conditions  in  a particular  area 
significantly  influence  the  flying  population.  During  the  morning 
period  before  sunrise  (near  dark  conditions),  there  is  no  activity. 


At 


sunrise,  when  there  is  a dramatic  increase  in  light,  flying  activities 
begin,  if  the  temperature  is  50  or  above.  During  the  evening  hours  hefore 


sunset  (near  dark  conditions)  the  flies  continue  their  flying  activities 
until  sunset  occurs.  When  the  light  conditions  decrease,  so  does  the 
flying  population.  This  occurs  independent  of  temperature.  That  is, 
although  the  temperature  may  be  within  an  optimum  range  for  flight, 
activities  rapidly  diminish  with  a decrease  in  light  intensity.  After 
sunset,  in  dark  conditions,  no  activity  occurs. 


c.  Rain.  Any  amount  of  rain  appears  to  significantly  reduce 


flying.  During  periods  of  very  light  rain  activity  continues  to  occur 
at  a low  level.  Any  increase  above  that  reduces  activity  to  zero.  After 
periods  of  continuous  rain,  i.e.,  2 consecutive  days,  the  flying 
population  appears  to  be  heavier  than  prior  to  the  rain.  (Presumably, 
a large  percentage  of  the  population  becomes  hungry  after  a lengthy 
period  of  inclement  weather,  and  therefore,  require  a blood  meal). 

Only  a small  percentage  of  black  flies  in  an  area,  are  flying  at 
a given  time.  Most  are  resting  in  dense  vegetation.  This  is  evidenced 
by  the  fact  that  when  moving  into  an  infested  area,  at  first  there  is  no 
sign  of  black  fly  activity.  Soon,  however,  the  flies  sense  the  host  and 
actively  seek  him  out  from  places  of  resting. 
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A MODIFIED  CDC  TRAP  USING  CARBON 
DIOXIDE  FOR  TRAPPING  BLACKFLIES 
(SIMULIIDAF.:  DIPTFRA)  * 

R.  I..  Frommfr,2  R.  R.  Carfstia,2 
R.  W.  Vavra,  Jr.2 

Snoddy  and  Hayes  (1966),  reported  the  trap 
ping  of  it  species  of  adult  blackflies  in  Alabama 
over  a 6 months  period  with  an  average  of  t4 
specimens  being  trapped  per  hour,  using  a modi 
fied  New  Jersey  light  trap  with  CO»  as  the  at 
tra>.tant.  The  optimum  CO*  flow  rate  for  attract 


1 The  opinions  or  assertions  contained  herein 
are  the  private  views  of  the  authors  and  arr  not 
to  be  construed  as  0fhu.1l  or  as  reflecting  the  views 
of  the  Dept,  of  the  Army  or  the  DOI)  Research 
sponsored  by  the  US.  Army  Medical  kesearch 
and  Development  Command,  Wash  , pC  20314, 
under  contract /grant  no.  DA \A0hn02B71  Pol 
* U.  S.  Army.  US  Arin>  Medical  Laboratory,  Ft 
George  G.  Meade,  MD  2075^. 


ancy,  using  a 20  lb  (net)  cylinder,  was  1 |M>und 
of  C(  )*  per  hour. 

A similar  technique  in  trapping  blackflies  was 
conducted  at  Camp  Drum,  N'ew  York  from  24 
M i\  to  5 July  1974  However,  instead  of  the  New 
lersev  light  trap,  a portable  6 volt  battery  operated 
miniature  CDC  light  trap,  with  light  bulb  re- 
moved. was  used  A 20  pound  (net)  CO*  cylinder 
was  the  source  of  attractant.  A Matheson  Gas 


Fit.  1.  CDC  Miniature  Light  Trap  Modified 
for  Collecting  Simuludae,  1,  20  lb  (net  Cylinder 
of  CO,,  j.  Regulator  V'alve;  %,  Flowmeter,  4. 
Tygon  Tubing  (hose),  s,  CDC  Trap;  6,  Acetate 
Funnel;  7,  Collecting  Net;  8,  Batteries;  9,  Hose 
Outlet  (or  CO*. 
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Produce,  150  mm  glass  flow  meter  enclosed  in  a 
protective  plastic  tube  and  attached  at  both  end-, 
with  a / inch  diameter  Tygon  tube,  4 ft  long 
regulated  the  correct  amount  of  CO«.  One  end  of 
the  tubing  was  attached  to  the  COi  regulator  valve 
outlet  while  the  other  end  was  under  the  cover 
plate  of,  the  CI)('  tiap  (Fig  t). 

A flow  rate  of  2 liters  per  minute  was  fount!  to 
be  the  most  desirable  rate  with  respect  to  the  fre- 
quency of  replacing  emptied  CO*  cylinders.  (X)* 
cylinders  were  replaced  on  an  average  of  every  5 
days.  Using  Snoddy’s  technique  of  one  lb  CO* 
per  hr.,  replacement  would  occur  approximately 
every  2 days.  The  optimum  flow  rate  was  n it 
statistically  determined.  However,  the  authors  feel 
that  the  flow  of  2 liters  of  CO«  per  minute  is 
sufficient  for  trapping  adequate  numbers  of  black 
flies  for  tabulating  indices. 

F.ach  of  the  2 traps  was  constructed  with  an 
acetate  funnel  fused  to  the  plastic  sides  of  the 


('IK'  trap.  The  bottom  < if  the  funnel  extended 
about  half  way  down  into  the  cloth  trap  hag. 
(Fig.  1.  The  purpose  of  the  funnel  was  to  pre- 
vent loss  of  specimens  due  to  possible  power  fail- 
ure; however,  none  occurred.  The  2 traps  wi  re 
placed  5 ft  above  ground  apjitoxiniatcly  150  yards 
apart  in  new  secondary  vegetative  growth  which 
is  typical  of  the  local  fauna  and  operated  for  42 
continuous  days  from  0900  to  1800. 

The  uuan  trap  index  for  Ivith  traps,  over  the 
day  test  period  was  1282.  The  range  of  spe- 
cim  iis  trapped  was  from  a iow  of  1 2 to  a high 
of  14.800  with  the  overall  total  for  both  traps 
being  82,042.  Sec  Fig.  2.  Identification  of  species 
li  is  not  been  completed. 

Reference  Cited 

Sn  ddy,  I I.,  and  K-  I..  Hayes.  1966.  A carbon 
dioxide  trap  for  Simuliidae  (f)iptcra).  J.  Kcon. 
i ntomol.  59(1)1242  24$. 


/or 


Fic.  1 Adult  bla<kfly  trap  indices  Indues  «b 
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\ 


F~2 


Kept  No.  61-0LM-77,  Dev  of  Ground  and  Aerial  Adult 
Bitinq  Diptera  Without  Using  Persistent  Pesticides, 


Control  Measures  for 
March  1971  - Juno  1<*76 


APPENDIX  G 

comparative  effects  of  C09  flow  rates  using  modified  cdc  light  traps 

ON  TRAPPING  ADULT" BLACK  FLIES  (SIMULIIDAE:  DIPTERA) * 


Published  in  f'onquitn  Vrun,  vol  u>,  no 


^ r *t  • mf  >*  • i I fi  /f » 


Reprinted  from  MOSQUITO  NEWS  Voi.  36,  No.  3,  September,  1976 
September,  1976  Mosqui  ro  News  355 


COMPARATIVE  EFFECTS  OF  CO*  FLOW  RATES  USING 
MODIFIED  CDC  LIGHT  TRAPS  ON  TRAPPING  ADULT 
BLACK  FLIES  (SIMULIIDAE:  DIPTERA) 


R.  L.  FROMMFR,1 2  B.  A SCHlEFhR  and  R W VAVKA,  JR.» 


Regional  Division — North  U.S.  Army  Environmental  Hygiene  Agency 
Fort  George  G.  Mcatle,  Maitland  *0755.  L'.S  A 


ABSTRACT.  Seven  selected  CO,  flow  talc, 
were  statistically  evaluated  using  modified  CDt 
traps  supplied  with  COs  from  a single  K.jrce, 
The  500  ml  per  min  (0.1214  lb  per  hr)  flow  rate 
was  found  to  be  the  optimum  for  trapping 
Cnephia  mutata  and  Pronmultum  Ann  pet  The 


operating  perfon nance  of  supplying  CO,  from  a 
so  gle  source  one  a lb  (net)  cylinder  via  hoses 
to  multiple  CDC  traps  was  considered  advantage 
ou*  with  respect  to  ease  in  selecting  ‘pecific  flow 
rates,  logistics  and  cost  analysis 


Carbon  dioxide  has  been  used  to  col- 
lect  black  flies  for  many  years  Numerous 
experimenters  have  evaluated  CO?  as  an 
attractant  for  black  flies  using  various 
types  of  light  traps,  but,  there  is  little  pub- 
lished work  analy7.ing  the  attractiveness 
of  various  CO*  release  rates  using  valid 
statistical  design.  The  optimum  C02 
flow  rate  for  attracting  black  flies  has  been 
reported  at  i lb  per  hr  (4.12  liters  per  min) 
by  Snoddy  A.  Hayes  (1966),  2 liters  per 
min  (4857  lb  per  hr)  by  Frommer  et  a| 
(1974),  and  400  ml  per  min  (.0971  lb  per 
hr)  by  Fall  is  et  al.  (1967);  however,  in 
these  studies,  no  statistical  designs  or  de 
terminations  were  repotted  to  validate  the 
findings. 

The  present  study  was  conducted  to 
analyze  statistically  selected  CC)2  flow 
rates  to  determine  the  optimum  C02  flow 
rate  for  trapping  adult  black  flics.  In  ad 
dition  the  study  was  designed  to  evaluate  a 
method  of  supplying  C02  from  a single 
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source  to  multiple  operating  modified 
CDC  traps. 

Materials  and  Methods.  The  studv 
was  conducted  daily  from  0730  hr  to  1400 
for  8 days  during  late  May  and  early 
lune  1975  at  Fott  Drum,  New  York. 
Eight  modified  CDC  traps  without  light 
bulbs  were  fitted  with  new  2,9V  DC  mo- 
tors  for  use  during  the  study.  Four  1.5V 
flashlight  batteries  were  used  per  trap  as 
the  power  source.  New  motors,  which 
were  installed  to  increase  trap  suction 
flow  rate  performan  e,  were  found  to  have 
twice  the  suction  (29.2  cfm)  compaied  to 
the  standard  CDC  Barbcr-C-olc man  mo- 
tors (14.1  cfm).  Motors  (model  F-35C) 
were  purchased  from  Edmonds  Scienttfir 
Oatalog  752, i^o  Edscrop  Building,  Bar- 
rington, New  jersey  08007. 

All  traps  used  were  pretested  for  equal 
suction  flow  rates  using  an  Aneinoiherm 
air  meter,  model  fio.  The  mean  flow  rate 
per  trap  was  calculated  at  28.2±2.o  ft  of 
air  flow  per  min 

Instead  of  supplying  each  trap  with  a 
separate  C02  tank,  a single  source  was 
used  for  all  eight  traps.  This  consisted  of 
one  20  lb  (net)  C02  cylinder  with  regu- 
lator valve  connected  hv  a 3/1 6-inch  bore 
rubber  latex  tube  to  eight  interconnected 
L -inch  brass  T connector  valves;  right  50 
ft  j/ 16-inch  bore  rubber  latex  tubes  led 
separately  from  the  connector  valves  to  the 
eight  traps  (Figure  1).  The  tubes  were 
clipped  under  the  trap  cover  plates. 

All  eight  traps  were  placed  5 ft  above 


0-1 


i 


Fig.  i.  Apparatus  used  in  evaluating  ( < >j  H >w  rates  in  trapping  adult  Mack  flics 


without  ('<)j  .ts  .1  control.  This  Litin 
square  design  was  used  so  the  variables  oi 
trap  days,  trap  locations  and  selected  (X)* 
flow  rates  could  be  analyzed  by  use  of 
Dune  an \ Multiple  Range  l est.  The  cn 
vironmentai  variables  of  temperature  and 
wind  diicction  arc  accounted  for  by  the 
analysis  ol  trap  days  and  locations  respcc 
lively  A to’’  level  of  error  was  chosen 
in  calculating  Duncan’s  Multiple  Range 
lest  due  to  possible  fluctuations  hi  each  of 
the  CO_*  flow  rates 

RtsrtTS  and  Discussion  During  test 
ing  a total  of  480S  adult  black  flics  were 
collected  from  all  eight  traps  Die  sjiecies 
involved  were  Cnrphiu  mutata  < ornpns/ng 
approximately  4^*’  of  the  total  and  the 
Vroumulium  hiritpa  complex  making  the 
remaining  540  These  spec  ie.s  and  per 
centages  ware  determined  by  the  identifi 
« atioii  of  U44  larval  specimens  collected  in 
tin  study  site  1 week  pi  tor  to  testing 


the  ground  at  random  in  a too  It  diameter 
circle,  each  approximately  50  ft  from  the 
center  source  of  (XV  The  test  area  con 
sisted  of  secondary  vegetative  growth, 
typical  of  the  local  flora. 

The  following  selected  (XV.  flow  rates 
were  evaluated:  «y>,  100,  2 on,  500,  1000, 
1500  and  1900  ml  of  (Xh  jK'r  min  at  n 
psi  delivery  pressure.  A control  trap  with 
out  any  (XT  flow  was  also  operated  during 
each  test.  Trap  flow  rates  were  calibrated 
at  the  (:(b  source  by  making  proper  valve 
adjustments  using  a Matheson  (ias  Prod 
uct  1*50  nun  glass  flow  meter  at  the  be- 
ginning and  end  of  each  daily  test  period. 

Each  CO2  flow  rate  was  initially  as- 
signed at  random  to  the  eight  traps  Trap 
flow  rates  were  adjusted  daily  to  ensure 
that  each  trap  was  assigned  all  seven  sc 
lei  ted  flow  rates  for  a period  of  1 day  each 
during  the  test  peiiod.  Each  trap  was 
also  opeiatcd  for  1 day  during  the  period 
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An  average  flow  rate  increase  of  to° 
was  found  to  occur  within  each  of  the 
seven  C02  flow  rates  evaluated  Such 
fluctuations  were  anticipated  since  external 
temperature  can  affect  both  tank  and  reg 
ulator  valve  setting  The  optimum  flow 
rate  was  difficult  to  determine  since  an 
overlap  in  the  size  of  trap  catches  occurred 
with  the  various  flow  rates;  however,  in 
this  study  as  little  as  500  ml  of  C02  per 
min  (.lit 4 lb  per  hr)  was  found  to  be 
sufficient  for  trapping  black  flies.  A daily 
mean  of  116.88  specimens  was  collected  at 
this  flow  rate.  Flow  rates  above  500  ml 
of  C02  would  waste  COn  and  would  not 
ensure  increased  trap  collecting  efficiency. 
Flow  rates  below  <500  ml  of  COo  occasion 
ally  might  equal  trap  results  of  500  ml, 
but  on  a statistical  average  would  result  in 
fewer  specimens  trapped  (Table  1).  The 
1 lb  of  C.Oj  per  hr  that  Snoddy  and  I laycs 
(1966)  renorted  as  the  optimum  flow  rate 
would  be  equivalent  to  4117  ml  of  C()2 
per  min,  which  is  eight  tunes  the  optimum 
delivery  i.rte  reported  in  ibis  study. 


The  average  temperature  during  the  study 
ss.iv  7p2°l  ' po°F  and  the  relative  hu 
nudity  was  (14  trice’,.  Finally,  in  mon 
rtoring  adult  black  fly  activity,  trap  loca 
linns  in  the  selected  test  site  appear  to  have 
little  cfh  t 011  the  number  of  specimens 
itillecied  as  shown  111  1 able  1. 

Supplying  CO,  from  a single  source  to 
multiple  traps  as  shown  in  Figure  1 can  be 
accomplished  with  considerable  ease  and 
accuracy,  since  all  trap  flow  rates  arc  cali- 
brated at  the  T valves  and  not  at  the  traps 
Additionally,  this  system  offers  significant 
savings,  since  multiple  traps  can  be  sup 
plied  with  varying  CO,  flow  rates  from  a 
single  C< )2  cylinder.  The  cost  of  a single 
20  lb  empty  CO,  cylinder  and  regulator  is 
approximately  $100.00,  and  the  cost  of 
CO,  is  estimated  at  $0.oo  per  refill.  It 
was  necessary  to  refill  the  cylinder  every 
other  day  since  a total  flow  rate  of  saV 
ml  of  CO,  per  min  was  utilized  during 
testing.  A disadvantage  ol  this  technique 
is  the  requirement  of  large  amounts  of 
tubing  if  multiple  traps  are  to  be  operated. 


Table  t Comparison  of  trap  COa,  flow  rales,  trap  ila\s  ami  nap  locations  Hone 
Duncan's  Multiple  Rantte  Test  • 


Cnt  flow  rales 

in  ml/nun  o so  o'"  2<m  s n " >V"  "J"(> 

Means**  n.i  a 4 t 17#  D S lift  <r  R C(  > Ht  t 

Relationships***  cl  srl  bsd  etf  ab  ab,  ab  a 
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• 10%  level  of  eiror. 

••  Mean  number  of  adult  black  flies  trapped  pc 
•••  Means  accompanied  by  lbe  same  leper  d-'  c 


l)ays  1 and  2 differ  significantly  from 
days  48!  Table  1)  Light  ram  occurred 
throughout  the  Iasi  4 days  of  testing,  thus 
reducing  adult  black  fly  activity  and  con 
tributing  to  this  difference  Wind  was 
light  and  variable  (n  -in  nipli)  throughout 
the  study,  however,  sime  trips  and  flow 
rates  were  rotated  it  was  assumed  that  this 
variable  had  little  influence  on  the  results 
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Rept  No.  61-0614-77,  Dev  of  Ground  and  Aerial  Adult  Control  Measures  for 
Biting  Diptera  Without  Using  Persistent  Pesticides,  March  1973  - June  1976 


FIELD  EVALUATION  OF  I)EE  I - 1 REA  FED  MESH  JACKET 
AGAINST  BLACK  FLIES  (SIMUUII)AE)' 

Uy  Robert  L.  Frommer,  Ralph  R.  Carrstia  and  Robrrt  W.  Vavra.  Jr.-' 


Alutriut . A otltou-poly.-Mrr  mt-sli  j.i*  ki-i  lrrul*-tl  with  f • - 1 ■ 
iiit.il  N N -dirlliylmt-Ialoluaiiudr  ) "as  rs.iluali-d  .»*  .1 

|HTSt>ti.il  pmli-i  live  ine.iHure  in  llu*  prevention  nl  bl.uk  tl\  biles 
In  . i< It li l it m i , the  j.it  kel  was  evaluated  as  I « * skin  irritalnln y.  anti 
acceptability  with  n'SjM'i  l In  <omh>rt  anti  comt-niriii  aliei 
rtinlinual  wear.  Hie  deet- impregnated  mesli  j.n  kel  tillered 
Hignilit  anl  protet  lion  from  l»la«  k fbrs  as  measured  liy  stalislital 
comparisons  between  the  number  of  biles  ret  eived  by  nidi . nluals 
wearing  treated  and  fion-ireatod  jac  kets.  ( )l  tin*  pat  lit  ipants 
queried,  96.03";,  stated  that  the  deet  treated  jat  kt  i prt»t!utetl 
no  skin  irrilability.  With  respect  to  comldrl  and  convenient  e,  a 
range  of  2 1 /I",,  t<»  ft3.2",»  acceptanc  e was  ret  meted  lor  die  j.n  kef. 

Seasonally,  adult  black  Hies  (Siirmliid.n  have 
interfered  tremendously  with  tin*  training  ol  some 
70,000  to  00,000  1 1.  S Reserve  and  National  ( iiiard 
personnel  during  laie  spring  and  early  summer 
months  .it  ( amp  Drum,  New  York  black  II) 
attacks  at  counted  lor  approximately  700  manhr  ol 
training  time  lost  in  1 Infantry  Division  during  a 
9-dav  training  exercise  in  1074. 

Previous  attempts  to  eonlrol  hlaek  Hies  at  ( imp 
Drum,  N.  Y.  utili/ing  several  adullieidal  foriiiul.i- 
tions  proved  unsuccessful,  due  largelv  to  poor 
weather  < ondilions  during  aerial  operations  U 'arestia 
et  al.  1074a),  and  the  lack  of  particle  penetration 
and  coverage  associated  with  ground  applications 
(( 'arestia  et  al.  10741)).  Furthermore  under  certain 
environmental  conditions,  the  repellent  fleet  when 
applied  topically  to  the  skin  loses  some  of  its  effec- 
tiveness as  a protective  measure  against  biting 
Diptera  (Kahn  et  al.  1973,  Smith  et  ah  1063). 

To  provide  some  relief  and  protec  tion  to  training 
personnel,  a 0.634-cm  ( 1 / 4-in.)  mesh  cotton-polycstc  r 
jacket  impregnated  with  elect  (no  I)  was  selected 
for  evaluation.  Prior  studies  demonstrated  this 
preventive  concept  to  oiler  reliable  and  effective 
protection  against  mosquitoes  and  other  biting 
Diptera  (('acts  1068,  ( iouck  et  al.  10 07,  Gou<k  <Y 
Moussa  1060,  (irothaus  cY  Adams  1072,  I rani)  N 
Khsberg  1062). 

i his  paper  describes  a held  evaluation  ol  the 
fleet-impregnated  repellent  mesh  jacket  .is  a 

1 1’lu*  opinions  nr  assertions  toiitauied  tiemn  are  llie  |»ri\.ii<- 
views  nl  tli<-  .iiiiiiors  and  are  not  to  br  « oiislrued  as  i ill i«  i.il  mi  as 
ri'fk  < ting  tin-  views  nl  tlie  Dept.  of  (lie  \r»fl\  nt  flie  I M )|  > 
Renearr  li  S|  Humored  I • v llir  t S Army  Medu  a I Krsr.uili  mil 
Development  (-otmii.mil,  \V  mliingl  »ii,  l><  20311.  t ' N A . 

under  ( 'Miiii.ti  i/(a. ml  No.  I>.\  3A<Hil  IU2I17 1 I'll ! 

* ( I S.  Army,  U.  S Army  M -dn.il  I ..ibi  r.iHn  v , Imi  Deotg*- 
(i  Meade.  Mil.  '/(I7Vk  USA 


personal  protective  measure  m the  prevention  ol 
I >lac  k lly  I tiles. 

MAN  RIALS  AND  MIC  1 HOI  IS 

I his  particular  jacket  was  developed  b\  the  U.  S 
Na»al  Mediia!  Field  Research  l.ahoraiorv . t ’amp 
1 .e )e une,  N.  ( ’.  I hr  jacket  is  treated  with  1 I g ol 
technical  fleet  i N \-diethvlmetato!uainid<*  per  I g 
net  weight  ol  jacket,  with  the  total  weight  ol  jacket, 
without  repellent,  ranging  from  100  MOg.  I he 


Hi  i.  f I kl*f  (1  • itetl  |li  k.  I 
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I um.tin*r  Pl  ai. : 


I )r«*l-lreaf«*tl  jatk't  evaluation 


jacket  can  be  retreated,  which  under  light  working 
conditions  is  necessary  approximately  every  b weeks. 

The  primary  field  evaluation  ol  the  deet-treated 
cotton-polyester  mesh  jacket  for  protection  against 
adult  black  flies  was  conducted  from  10  May  to 
1 July  1074  at  Camp  Drum,  V V This  period  was 
one  of  high  adult  black  fly  activity  for  the  region 
((  arestia  et  id.  I,l74b). 

The  repellent  mesh  jacket  was  tested  and  evaluated 
under  combat  training  conditions  for  the  following 
characteristics:  (1)  its  effectiveness  as  an  individual 
protective  measure  against  black  flies,  evaluati  d 
according  to  the  number  of  bites  received  on  6 body 
areas  (head  including  face,  neck,  arms,  torso  above 
the  waist,  torso  below  the  waist  and  legs;  (2) 
acceptability  with  respect  to  comfort  and  con- 
venience after  continual  wear  and  (3)  irritability 
to  exposed  skin. 

l'he  G body  areas  where  bites  were  recorded  were 
further  segregated  into  3 categories  to  be  statistically 
analyzed.  The  categories  W'ere  as  follows:  (1)  the 
number  of  bites  recorded  on  all  b areas  of  the  body; 
(2)  the  number  of  bites  on  head  (including  face), 
neck,  arms  and  torso  above  the  waist;  and  (3)  the 
number  of  bites  on  torso  below  the  waist  (including 
legs) . 

Sampling  with  hand  sweep  nets  and  trapping 
using  modified  CDC  traps  with  C()4  showed  that 
biting  Diptrra  other  than  black  flies  were  not 
present  in  sufficient  numbers  to  confuse  participants 
in  mistaking  the  source  of  biles. 

During  the  6-week  test  period,  fi  different 
randomly  chosen  combat  units  were  issued  20  olive 
drab  mesh  jackets  to  be  given  at  random  each  week 
to  participating  soldiers.  Ten  mesh  jackets  were 
deet-treated  and  10  were  untreated  controls.  Thus, 
a total  of  120  (60  treated  and  60  non-treated)  mesh 
jackets  were  issued  over  a 6-week  interval.  Partic- 

TABLE  I . Mean  number  of  black  fly  landing  counts  recorded 

on  participants  testing  the  following  treatments  using  Duncan's 
new  multiple  range  test.* 

Thf  atm  r.  NTS 

i 2 I " 4 

Wearing  Wearing  Wearing 
untreated  deet-  liquid  deet 
Wearing  mesh  treated  repellent  on 
untreated  jacket  mesh  skin  and 

fatigues  (control)  jacket  fatigues 

t otal  landings  422  404  6 120 

Mean  landings*  • 84  a 80.8  a 1.2  b 25.8  c 

* Landing  counts  were  recorded  only  in  the  area  where 
the  jackets  were  worn  (upjrer  torso)  ov«r  a single  5-min 
interval  per  day  for  5 continuous  days. 

••Means  followed  by  the  same  letter  are  not  significantly 
different  at  the  5%  level  of  error. 
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ipauts  were  not  told  whether  they  were  receiving 
treated  or  non-treated  mesh  jackets.  This  statistical 
design  helped  reduce  error  resulting  from  1 black 
fly  population  declines  (whether  seasonal  or  from 
inclement  weather  conditions)  and  2)  possible 
collaboration  on  part  of  participants  when  answering 
questionnaires. 

The  sampled  population  was  assumed  to  be 
iioi  m, illy  distributed,  as  participants  were  considered 
to  be  randomly  subject  to  black  ll\  bins 

New,  unused  mesh  jackets  were  always  issued  at 
the  beginning  of  each  week  and  returned  at  the  end 
of  that  week  lor  evaluation.  ! his  policy  was 
implemented  for  the  following  reasons;  (I)  to  help 
reduce  error  from  loss  of  sample  size  due  to  lost  or 
misplaced  mesh  jackets;  2)  to  reduce  error  from 
loss  of  repellents  with  time;  (3)  to  reduce  error  in 
memory  recall  in  answering  questionnaires  and  i4) 
to  lacilitate  logistics. 

At  the  end  of  each  week,  upon  the  return  ol  mesh 
jackets  from  the  field,  an  evaluation  questionnaire 
(consisting  of  31  yes-or-uo  answer  questions)  was 
given  to  each  participating  solciier.  In  each  unit 
participants  answered  questionnaires  collectively 
while  being  monitored.  This  procedure  was  to 
help  reduce  error  from  possible  participant  col- 
laboration. Using  these  data,  the  acceptability  and 
irrilahilitj  ol  the  mesh  jacket  were  analyzed  statis- 
tically using  percentages  of  yes-or-uo  type  answered 
questions.  Differences  between  the  clleclive ness  of 
the  2 treatments  were  analyzed  using  the  paired 
Student's  t-test. 

A 10%  level  ol  error  was  chosen  because  partici- 
pants had  to  recall  events  that  occurred  during  a 
7-day  period  prior  to  answering  questionnaires 
f inally,  confidence  intervals  at  the  5%  error  level 
were  fitted  to  the  2 treatments  for  comparison  of  the 
mean  number  of  bites  received  per  man. 

Before  conducting  the  above  field  study,  a 5-day 
preliminary'  test  was  conducted  and  statistically 
analyzed  by  2 members  of  the  study  team  to  deter- 
mine the  potential  effectiveness  of  the  following  4 
treatments  against  black  fly  bites  1)  deet-treated 
mesh  jacket;  (2)  non-treated  control  mesh  jacket; 

3)  standard  troop  issue  deet  (75%  concentrate) 
liquid  repellent  topically  applied  In  hand  to  the 
skin  face,  neck  and  hands)  and  fatigues  and  41 
untreated  skin  and  fatigues  Black  llv  landings 
were  recorded  on  the  upper  torso  area  where  the 
mesh  jacket  is  worn)  for  a single  5-min  interval  per 
day  per  treatment  New  and  unused  jackets  and 
laligucs  were  always  worn  during  each  test  con- 
ducted Secondarily,  the  test  helped  in  determining 
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whether  another  conttnl  treatment  would  be  needed 
i n the  primary  study. 

RESULTS  AM)  DISCUSSION 

.Since  the  results  of  the  preliminary  held  study 
presented  in  table  I revealed  that  no  observable 
differences  existed  between  the  untreated  jac  ket  and 
fatigues,  we  did  not  add  another  control  treatment 
to  the  primary  study.  The  treated  mesh  jacket, 
liir  which  only  tin  average  of  1.2  landings  was 
recorded,  was  considered  potentially  the  most 
effective  protective  device  against  adult  black  Hies, 
at  least  under  light  working  or  test  conditions. 

Although  the  deet  liquid  repellent  when  applied 
topically  to  fatigues  and  skin  did  show  some  potential 
protection  (25.8  landings),  this  was  considered  to  be 
less  effective  than  the  treated  mesh  jacket,  as  noted 
from  mean  comparisons  computed  from  Duncan's 
new  multiple  range  test. 

table  2-4  present  the  primary  results  of  the 
effectiveness,  acceptability  and  irritability  of  both 
treated  and  non-treated  jackets.  The  daily  time 
period  that  each  jacket  was  worn  was  4.5  hr,  with 
‘18.3%  of  the  participants  wearing  jackets  over  their 
fatigues  and  the  remaining  1.7%  over  their  T-shirts 
or  next  to  the  skin.  Taking  into  account  bites 
recorded  on  all  G areas  of  the  body,  the  treated 
mesh  jacket  had  significantly  fewer  bites  than  the 
non-treated  mesh  jacket  at  the  10", , level  of  sig- 
nificance (table  2).  Similar  statistical  differences 
were  found  when  exposed  areas  of  the  body  were 
tested,  such  as  the  torso  below  the  waist  and  leg 
regions.  However,  when  comparing  treated  and 
non-deci-treated  mesh  jacket  wearers  relative  to  the 
number  of  bites  acquired  in  the  areas  covered  In 

TABLE  2.  Statistical  analysis  using  paired  Student’s  t-test  on 
the  mean  number  of  black  tly  biles  recorded  from  partic  ipants 
wearing  deet-treated  and  non-deet-treated  mesh  jackets  in  3 
separate  categories.* 

Areas  of  body**  Results  of  t-test 

Covered  by  mesh  jacket  4.45  6.31  --  — 1.343  N.S. 

Ii384  ' 

Not  covered  by  mesh  jac  ket  0.85  2.06  2.322*** 

o.5?r^ 

All  6 areas  of  body  (total)  5.30  8.38  1.856*** 

1 .659 

•Paired  Student's  l-test  in  each  category  consisted  of 
testing  the  variability  existing  within  and  between  60  deet 
treated  and  60  nem-deet-treatod  mesh  repellent  jac  kets  ove  r 
a 6-wec‘k  period. 

••Areas  of  body  are  defined  as  follows:  covered  by  mesh 
jacket  head  (including  face),  neck,  arms,  torso  alcove  the 
waist;  not  covered  by  mesh  jacket  torso  below  waist  and 
legs,  total  all  6 areas  of  body  above  and  below  the  waist 
•••  Ihifercnres  significant  at  lO",,  level  of  error  (2-tailed 
test). 
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TABLE  3.  Confidence  intervals  lor  lice  mean  numbei  of  biac  k 
fly  bites  per  man  for  individuals  wearing  deet-treated  and 
uon-deet-treated  mesh  jac  kets  in  3 separate  categories  • 

t'oM  IIH  SCI  l\TI  KVAI-S** 

Non-dcvt- 

Doet-tieaicd  treated  mesh 
I riatscims  mesh  jacket  jacket 


Art  ms  covered  l>\  |.i<  kei 

5.3(1  2.0*1 

8.31  2.63 

i abm «*  the  waisi  i 

bites  hi  mi 

b (e\  man 

\l e.tx  Mol  tuvered  b\  jacket 

1.43  1 .84 

ti.1l  2 00 

below  the  war  i > 

bill  s 'lM. III 

biles,  iu.ni 

All  b areas  of  bod\  • 1 otal) 

<ur>  (i.  it 

2.0*1  OMi, 

biles  man 

bites  Mi. in 

•I'.acli  c cinhcleiM  e interval  tested  c onsistisl  o!  c s.uiioiing 
hues  recorded  from  60  partic ip.uits  wealing  dcxT-in  tied  and 
•41  paiticipants  wearing  non  cleet-tn-ated  nu-ch  |.o  ki  i i« - 
sportively,  nvei  a 6 week  period 

•*l>ilferences  between  treatments  in  all  c ategories  stgiu 
(leant  at  5 11  „ level. 

flic  jacket  iheatl,  urck,  arms  and  torso  alien e the 
waist),  the  differences  between  the  2 treatments 
were  not  .significant,  l itis  was  probably  attribut- 
able to  participants  with  the  treated  mesh  jackets 
not  wearing  the  protective  hood,  as  56°,,  of  all  |>itcs 
with  the  treated  mesh  jackets  ore  urred  in  the  head 
and  neck  region 

Although  the  t-test  may  or  may  not  he  significant 
In  these  comparisons,  the  use  of  the  confidence 
interval  ;(  I.)  of  the  mean  offers  anothei  perspective 

of  the  results  in  evaluating  the  overall  effectiveness 
of  the  mesh  jacket  under  combat  conditions,  t \blk 
3 shows,  for  all  (i  areas  of  the  body,  the  mean  number 
of  bites  per  man  wearing  the  treated  mesh  jacket  as 
5.30  with  a C 1.  id  3.21  to  7.39  bite’s,  while  the  non- 
treated  mesh  jacket  recorded  a mean  of  8.31  with  a 
O.  I-  of  5.66  to  10.96  lutes  per  man.  I his  indicates 
that  a person  wearing  the  treated  mesh  jacket  could 
receive  as  few  as  3.41  bites,  while  a person  with  the 
non-treated  mesh  jacket  could  receive  up  to  10,96 
bites  under  the  same  test  conditions.  Again 
referring  to  tabi  e 3,  the  confidence  interval  or  the 
number  of  bites  recorded  in  the  areas  covered  bv 
the  jacket  clearly  illustrate  that  a person  wearing 
a treated  mesh  jacket  could  receive  up  to  6 bites 
fewer  than  one-  wearing  the  non-treated  mesh 
jacket  Finally,  in  testing  the  number  of  lutes 
acquired  on  exposed  areas  of  the  body  not  covered 
by  the  jac  ket,  a participant  wearing  a treated  mesh 
jacket  could  have  up  to  3 lutes  fewer  than  cine- 
wearing  a non-treated  mesh  jarket  I Ins  Mute 
difference  indicates  that  the  treated  mesh  jarket 
possesses  a spatial  effect  in  repelling  black  thrs  from 
non-protccted  areas  of  the  |><>dy 

Although  long-term  effectiveness  was  not  st.uis. 
tically  determined,  we  feel  that  tinder  combat  con- 
dition*. effective  protection  could  lie  achieved  lor 
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TABLE  4.  Analyst!  of  the  acceptability  and  irritability  of  deet- 
treated  and  non-deet-treated  mesh  jacket  as  determined  from 
questionnaires  given  to  1 20  participants  * 

Kksi>onsss 
Yes  No 


Acceptability 


1. 

Comfort** 

08.3% 

31.7% 

2. 

Convenient  in  walking  through 
brush  •• 

60.7% 

39.3% 

3. 

Convenient  in  crawling  through 
brush** 

21.9";, 

78.1% 

4. 

Convenient  in  use  of  weapon*  * 

60  9",, 

39.1% 

5. 

Interfering  while  driving  tank  or 
Armored  Personnel  Carrier 
or  jeep** 

26.3% 

73.7% 

6. 

Interfering  while  driving  1/2 
to  2-1/2  ton  truck** 

17.9% 

82. 1 % 

7. 

Interfering  with  helmet** 

21.5% 

78.5% 

8. 

Interfering  with  eyeglasses** 

16.8% 

83.2% 

9. 

Odor  offensive  (deet-treated 
mesh  jacket)  •* 

21-7% 

78.3% 

Irritability 

1.  Irritable  to  skin  (deet-treated 
mesh  jacket)0** 

4.0% 

96.0% 

2. 

Irritable  to  skin  (non-deet- 
treated  mesh  jacket) ••• 

3.0% 

97.2% 

•Responses  are  presented  as  mean  percentages  of  yes-or* 
no  answers. 

••Pertains  to  all  participants  whether  wearing  deet 
treated  or  non-deet-treated  mesh  jackets. 

•••Pertains  to  participants  wearing  either  deet-treated  or 
non-deet-treated  mesh  jackets,  as  indicated. 

up  to  3 weeks  before  retreating  the  mesh  jacket 
with  deet. 

Of  the  60  participants,  96. 0%  stated  that  the 
deet-treated  mesh  jacket  was  not  irritable  to  the 
skin  either  as  direct  skin  redness  or  rash,  stickiness 
from  the  deet  or  itchiness  of  the  head  (including 
face,  scalp  and  eyes)  and  hands.  Participants 
wearing  the  non-deet-treated  mesh  jackets  had 
a similarly  favorable  response  of  97.2%  (table  4). 

Areas  of  the  body  where  some  slight  skin  irritation 
occurred  (4%)  were  the  head  (face  and  neck)  and 
hands.  This  was  anticipated  with  the  treated  inesh 
jacket  since  (a)  it  contains  technical  deet  which 
might  produce  some  irritation  and  stickiness  and 
(b)  the  cotton-polyester  mesh  material  is  slightly 
abrasive.  A small  percentage  (3.8%)  of  partici- 
pants wearing  non-treated  jackets  also  noted  some 
form  of  skin  irritation.  This  could  have  been  the 
result  of  (a)  the  cotton-polyester  mesh  material 
being  slightly  abrasive;  (b)  participant  error  in 
answering  questionnaires  or  (c)  possible  participant 
exchange  of  treated  and  non-treated  jackets  within 
each  test  unit.  However,  based  on  personal  contact 
with  test  unit  company  commanders,  participant 


exchange  of  assigned  jackets  was  non-existent. 

As  shown  in  cable  4,  the  only  training  activity 
for  which  the  jacket  was  considered  unacceptable 
by  participants  was  crawling  through  brush  (78.1% 
said  inconvenient).  This  is  understandable  since 
the  jacket  has  only  I securing  point,  around  the 
hood  (no.  1).  1 or  future  wear,  excessive  wearing, 

tearing  and  snagging  can  be  reduced  if  the  jacket 
is  drawn  in  closer  to  the  body,  especially  around  the 
waist,  chest  and  wrists.  All  other  areas  examined 
pertaining  to  comfort  and  convenience  (questions 
1 9 in  table  4)  showed  a range  of  60.7%  to  83.2% 
acceptance. 

Complete  protection  of  persons  from  black  fly 
bites  while  training  under  simulated  combat  condi- 
tions is  impossible.  Even  when  wearing  the  treated 
mesh  jacket,  a few  bites,  3 to  4,  can  always  be 
anticipated  with  some  statistical  certainty.  How- 
ever, the  dect-iinpregnated  cotton-polyester  mesh 
jacket,  if  worn  properly,  will  give  reliable  and 
effective  personal  protection  from  biting  adult  black 
flies  under  combat  training  conditions. 
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ABSTRACT.  Deet  (N,  N Diethyl-meu-tiilu- 
amide)  and  twelve  promising  experimental  repel 
lent!  impiegnated  in  mesh  polyester-niton  rackets 
were  rested  against  black  flies  in  the  ventral  valley 
of  Costa  Rica  and  northern  New  York  during 
1975.  Experimental  repellents  were  paired  with 


a control  and  a deet  standard  in  each  serves  of 
testy.  Ratios  of  effectiveness  were  calculated  for 
relative  comparisons.  The  best  compounds  tested 
were  2 hydroxyethyl  cyclohexane  carboxyiate 
(AI3-700H7)  and  tetrahvdrofurfuryl  octanoate 
(Alt  flilfl). 


Introih'ction  With  recognition  of  the 
spatial  repellency  of  impregnated  mesh 
netting,  considerable  attention  has  been 
directed  to  the  use  of  mesh  jackets  as  a 
means  of  providing  individual  protection 
from  biting  Diptera.  In  the  search  for 
effective  repellents  for  impregnation  of 
netting,  the  maiority  of  research  effort  has 
been  directed  toward  mosquitoes  both  in 
the  laboratory  (Gouck  et  al.  1967b, 
Schreck  et  al.  1970)  and  in  the  field 
(Gouck  et  al.  1967a,  Grothaus  et  al  1972, 
1974).  The  mesh  jacket  concept  would 
assume  additional  importance  if  adequate 
protection  against  black  flies  (Simuliidae) 
could  be  demonstrat'd.  Black  flies  pre 
sent  a severe  nuisance  in  temperate  rc 
gions  and  are  involved  in  the  biological 
transmission  of  pathogenic  organisms  to 
man  in  tropical  areas. 

(ackers  fabricated  of  polyester  and  cot 
ton  impregnated  with  deet  were  shown 
to  be  highly  effective  compared  to  topical 
applications  of  the  same  compound  against 
several  nearctic  species  of  black  flies  dur- 
ing the  spring  of  1974  at  Camp  Drum. 
New  York  (Frommer  et  al.  197?)  It  is 
recognized,  however,  lhat  deet  does  not 


1 The  opinions  01  assertions  contained  herein 
are  the  private  views  of  ihr  authors  and  are  not 
to  be  construed  as  official  or  as  reflecting  the 
views  of  the  Department  of  the  Army.  Research 
sponsored  by  the  US  Army  Medical  Research  and 
Development  Command,  WASH,  DC.,  20314, 
under  Contract  No.  DA  3 A061 101B71P01 

•Insect  Control  and  Research,  Inc.,  Baltimore, 
MD,  21228. 


provide  all  the  desired  characteristics  oi 
the  optimum  insect  repellent.  Deet  is 
becoming  increasingly  difficult  m obtain, 
it  does  not  provide  the  longevity  of  many 
other  compounds,  and  its  effectiveness  is 
greatly  reduced  after  wetting  (Gouck  et 
al  1971)-  It  is  therefore  necessary  to 
screen  additional  compounds,  utilizing  the 
jacket  concept,  which  might  prove  to  be 
as  effective  as  deet  while  providing  more 
desirable  characteristics  of  an  optimum 
repellent.  The  purpose  of  this  paper  is  to 
report  on  two  studies  designed  to  evaluate 
deet  and  12  promising  experimental  re- 
pellents against  tiopical  and  temperate 
species  of  black  flies. 

MtrHoDs  ami  Materials.  Polyester- 
cotton,  waist  length,  long  sleeved  over- 
jackets of  .635  cm  mesh  dyed  Army  olive 
drab,  shade  107  were  used.  Each  jacket 
weighed  approximately  130  g and  was 
impregnated  with  0.25  g of  repellent  per 
gram  of  fabric  weight  by  placing  it  into 
a measured  solution  of  the  technical  grade 
repellent  compound  in  acetone  carrier  un 
til  the  solution  was  absorbed  After  treat 
ment,  the  jackets  were  air  dried  and  sealed 
in  plastic  bags.  Impregnation  was  ac 
complished  3 three  weeks  prior  to  field 
testing  The  repellent  compounds  used 
are  shown  in  Table  1. 

Tests  were  , undented  in  two  locations: 
in  the  central  valley  of  Costa  Rica  during 
Eebiuary  1075,  and  in  northern  New  York 
during  May  1975.  In  Costa  Rica,  ap- 
proximates 30  sites  were  examined  and 
the  4 sites  having  the  greatest  adult  black 
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Table  1.  Repellent  compound*  and  location  at  which  tested. 

USDA  ENT 
Code  No. 

Compound  definition 

Costa  Rica 

New  York 

AI3-2830-CC 

Dusopcntyl  malate 

X 

AIj-3775b 

1 . 5 'Propanediol,  a but) l a ethyl  t ethyl 

X 

AI3-5974Q 

t Butyryl  i i,  2,3,4  Tetrahydroqutnoline 

X 

Al3-7627Gg 

i-Butyl-4-methyl-earboitynl 

X 

Alj-81 18-Gd 

Tetrahydrofurfuryl  octanoatc 

X 

X 

AI3-14825  Gc 

1,3-bn  (ButoxymethyD-a  imidazolidinone 

X 

Al3-i8os9-Gd 

3 -Chloro-t  -propanol  carbanilate 

X 

X 

AI3  19083  Gb 

o-Ethoxy-N,  N-dipropylbenzamide 

X 

AI3-19084-GC 

N,  N-Dibutyl-o-ethoxybenzamide 

X 

X 

Al3-i036a-i 

t*(o-Ethoxybenzoyl)  piperidine 

X 

X 

AI3-10573  Gb 

a-l (p-Methoxybcnzyl)oxy ) N.  N-dipropylacetamide 

X 

AI3-22542 

N,  N-Diethylmeta-toluaimdr  (deet) 

X 

X 

Al3-7oo87bGh 

2 Hydroxyethyl  cyclohexane  carboxylate 

X 

fly  activity  were  selected  for  the  tests 
The  selected  sites  were  located  near 
Asern  (San  Jose  Province),  Carrizal 
(Alajuela  Province),  Navarro  (Cartage 
Province)  and  Orosi  (Cartago  Province). 
The  sites  at  Aserri  and  Carrizal  have 
been  described  in  greater  detail  during 
earlier  black  fly  bionomics  studies  by 
Vargas  and  Travis  (1973)  as 
sites  numbers  4 and  31.  In  New  York, 
the  single  study  site  was  located  on  the 
military  reservation  at  Fort  Drum  tn  Jef- 
ferson County  near  Watertown,  New 
York. 

Eight  experimental  repellents  were  com 
pared  to  deet  and  to  an  acetone  treated 
jacket  (control)  in  both  Costa  Rica  and 
New  York.  The  four  best  repellents  from 
the  Costa  Rican  study  plus  four  addi- 
tional promising  repellents  were  evaluated 
in  New  York.  The  areas  at  which  the 
various  repellents  were  tested  are  shown 
in  Table  1.  In  each  study,  local  code 
numbers  were  assigned  to  each  of  the  9 
repellent-treated  |ackets  (8  experimental 
repellents  plus  deet)  and  to  the  control 
jackets.  These  numbers  were  drawn  at 
random  to  determine  the  sequence  of 
testing  fot  both  participants  and  repel- 
lent jackets. 

The  procedure  for  evaluation  of  the 
jackets  involved  four  people  (2  pairs) 
seated  on  stools  approximately  one  meter 
apart  with  each  participant  observing  his 
partner.  Two  unknown  repellents,  one 


standard  (deet),  and  one  control  were 
evaluated  at  one  time.  Each  test  con- 
sisted of  two  timed  observations  of  black 
fly  landing  counts  for  the  10  treatments 
at  one  location.  After  each  timed  obser- 
vation period,  subjects  changed  locations 
so  the  second  count  was  made  bv  a differ- 
ent observer.  Ten-minute  periods  were 
used  in  Costa  Rica  and  5-minute  periods 
were  used  in  New  York.  After  the  two 
observation  periods,  jackets  were  changed 
according  to  preselected  random  assign 
ment,  and  this  process  continued  until  all 
10  treatments  had  been  tested.  Ten  new 
cotton  utility  shirts,  laundered  several 
times,  were  matched  to  each  repellent 
mesh  |acket  to  avoid  masking  of  repel 
lents  as  jackets  were  changed  by  partici 
pants.  The  mesh  |ackets  were  worn  over 
the  shirts  and  both  weie  stored  separately 
in  plastic  bags  when  not  in  use.  Landing 
counts  were  recorded  in  3 areas  of  the 
upper  ventral  body.  (1)  jacket  only;  (2) 
unprotected  face  and  hands  only;  and  (3) 
total  above  waist.  These  categories  al- 
lowed statistical  comparisons  for  both 
spatial  and  contact  rejsellency  The  tests 
were  replicated  to  times  in  Costa  Rica 
and  12  times  in  New  York. 

An  additional  comparison  of  the  ex 
penmental  compounds  as  affected  by  wet- 
ting was  conducted  in  New  York.  Four 
replications  of  observations  on  the  un- 
washed mesh  (ackets  were  made;  the 
tackets  were  then  exposed  to  the  equiva 
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lent  of  2.54  cm  rainfall  followed  tiy  4 
replications  of  observations.  This  treat- 
ment was  continued  for  the  equivalent  of 
5.08  cm  simulated  rainlall.  Rainfall  was 
simulated  bv  exposing  the  jackets  in  a 
shower  bath.  Approximately  30  seconds 
was  the  time  required  to  reach  an  equiva 
lent  of  1.54  cm  rainfall,  approximalely 
1 m from  the  shower  head.  The  exact 
time  was  determined  for  each  treatment 
from  3 timed  trials  by  using  a standard 
meteorological  rain  gauge. 

For  the  purpose  of  calculating  ratios 
of  effectiveness  and  subsequent  statistical 
analysis  of  the  relative  effectiveness  of 
the  repellent  compounds,  a value  of  one 
was  added  to  each  observation.  This  was 
necessary  to  eliminate  occasional  negative 
landing  counts  on  the  repellent  jacket  and 
to  permit  the  necessary  mathematical  cal- 
culations. Ratios  of  effectiveness  ot  each 
repellent  to  the  untreated  contiol  and  to 
the  deet  standard  were  calculated  by  di- 
viding the  landing  count  for  the  two 
timed  observations  on  the  control  and 
deet  standard  by  the  paired  repellent  in 
each  of  the  3 areas  of  observation:  land- 
ings on  jacket  only;  landings  on  face  and 
hands  only;  and  total  landings  above  the 
waist. 

An  additional  transformation  of  the 
New  York  data  was  made  by  converting 
to  square  roots  to  compensate  for  an 
abnoimal  distribution.  The  ratios  were 
reconverted  after  analysis.  The  ratios 
were  analyzed  using  standard  analysis  of 
variance  of  a randomized  block  design 
and  Duncan's  Multiple  Range  Tests 
(Duncan  1955). 

Results  and  Discussion.  The  tropical 
species  of  black  flies  against  which  the 
jackets  were  tested  in  Costa  Rica  included 
Simulium  metallicum  Bellardi  (5(1%), 
5.  quadruittatum  Loew  (37%)  and  S 
callidum  (Dvar  and  Shannon)  <7/0) 
The  percentages  were  determined  from 
collecting  samples  of  landing  black  flies 
at  each  site  and  are  based  on  a total  of 
177  identifications.  Travis  (1974)  re 
ported  5.  quadrwittatuni  to  he  the  prr 
dominant  species  in  the  central  valley  ol 
Costa  Rn  a.  Both  S.  metallicum  and  S. 
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callidum  have  been  implicated  in  the 
transmission  of  onchocerciasis  in  Guate- 
mala (Dalmat  1954).  The  black  fly  pop 
ulation  tested  in  Costa  Rica  was  much 
smaller  than  that  obsetved  at  Fort  Drum, 
New  York.  The  Costa  Rican  sites  were 
rather  typical  of  tropical  ecosystems  where 
relatively  sma'I  populations  of  individual 
species  can  occur  over  long  periods  of 
time.  The  total  number  of  black  flics 
observed  landing  during  the  10  tests  in 
Costa  Rica  were  2,688.  Of  these,  2.104 
fly  landings  were  made  on  subiects  wear- 
ing control  jackets. 

The  predominant  temperate  zone  species 
of  Simuliidae  against  which  the  jackets 
were  tested  in  New  York  were  members 
of  the  Prosimulium  hirtipes  complex. 
Twelve  hundred  larvae  collected  1 week 
prior  to  the  study  from  the  single  study 
site  showed  54%  P.  Hirtipes  complex  and 
46%  CnepHia  mulata.  However,  C.  mu 
tata  rarely  attacks  man.  The  total  num- 
ber of  black  flies  observed  landing  during 
the  12  tests  in  New  York  was  10,756  with 
6,399  landing  on  subjects  wearing  con 
trol  jackets. 

Black  flies  are  extremely  sensitive  to 
environmental  changes,  and  the  number 
of  landings  varied  greatly  within  a given 
day  and  from  one  day  to  the  next.  To 
minimize  the  effect  of  environmental  fluc- 
tuations, and  to  provide  a more  meaning- 
ful measure  ot  effectiveness,  a random  ex 
perimental  rejvellent  was  always  paired 
with  the  control  or  the  standard  repellent 
The  environmental  parameters  measured 
were  temperature,  relative  humidity,  and 
wind.  In  Costa  Rica,  the  average  temper- 
ature during  the  test  periods  was  22.o°C 
with  a relative  humidity  of  60.2°  c.  Winds 
were  light  and  variable  from  0-8  km,  hr 
At  the  New'  York  test  site  the  average 
temperature  was  26.1  °C  with  a iclativr 
humidity  of  50',,  and  wind  velocity  from 
0-16  kin/hr 

The  mean  relative  effectiveness  of  the 
repellent  treated  jackets  to  the  untreated 
control  and  to  the  standard  rejvellent,  deet. 
is  shown  in  Table  2 for  the  neotropical 
species  and  in  Table  3 for  the  nearctic 
species. 
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Table  2.  Ranked  mean  ratio  of  effectiveness  for  20  observations  of  10  repellent  treatments  to 
control  and  dect  against  Cotta  Rican  black  flies. 


Repellent 

Ratio  to  control 

Ratio  to  dect 

Total 

Landings* 

iacket 

Face  ami 
Hands 

Total 

Landings 

Jacket 

Face  and 
Hands 

8118 

7-08  b 

5.63  b 

3.07 

1.17 

a 

0.87  ab 

1 .40  a 

14825 

351  <d“ 

3 75  be 

1 .90 

0 . 65 

b 

0 69  be 

0.83  be 

18059 

5 77  be 

5 b7  b 

a 68 

0.37 

be 

0.49  d 

0.54  cd 

19083 

3.1a  cd 

4 . 19  be 

1 4t 

0 47 

be 

0.64  cd 

0 57  cd 

19084 

4.10  bed 

5 49  b 

1 42 

0.79 

ah 

0.71  be 

0.75  bed 

10384 

5.13  be 

5 88  b 

2.  18 

0.61 

be 

0 .78  be 

0.67  cd 

10573 

a. 57  cd 

3 39  be 

1 39 

0.39 

be 

0 53  cd 

0.51  cd 

30830 

3.8a  bed 

3 5°  be 

a 16 

0 44 

be 

0.48  d 

0.72  bed 

22542 

10.71  a 

9.13  a 

i 33 

I . to 

1 05  a 

1 .05  b 

control 

1 .60  d*** 

127  c 

1.83 

0 . 10 

c 

0.12  e 

0.42  d 

• Landings  on  tacket,  face,  and  hands. 

••Means  with  same  letter  do  not  significantly  differ  (50/,  level.  Duncan  s Multiple  R-nge  Test; 

••*  Mean  ratio  between  two  control  iackets. 

•*••  Mean  ratio  between  two  deet  iackets 

In  the  tropical  site,  deet  (AI3-22542) 
was  significantly  better  than  the  other  8 
repellents  tested  in  preventing  black  flies 
from  landing  on  the  upper  ventral  aspect 
of  the  body,  as  well  as  on  the  jacket  when 
ranked  with  the  control  (Table  2).  When 
ranked  with  deet,  tetrahydroftirfuryl  octa- 
noate  (AI3-8118)  and  N,  NDibutyl-o 
ethoxybenzamide  (AI3-19084)  appeared 
not  significantly  different  from  deet  in 
preventing  total  black  fly  landings.  Also, 
when  ranked  with  deet,  tetrahydrofurfuryl 


octanoate  showed  more  spatial  rtpellency 
than  deet  as  indicated  by  fewer  landings 
on  the  unprotected  hands  and  face.  This 
compound  was  also  shown  to  be  the  most 
effective  chemical  against  black  flies  in 
Maine  duting  the  screening  of  23  com 
pounds  by  USDA  investigators  in  1971 
(Gouck,  personal  communications). 

In  New  York,  a previously  untested  re 
pellent  against  black  flies,  2 hydroxyethyl 
cyclohexane  carboxylate  (AI3-70087)  was 
much  more  effective  than  other  repellents 


Table  3.  Ranked  mean  ratio  of  effectiveness  for  24  observations  of  in  repellent  treatments  to 
control  and  deet  against  New  York  black  flies. 


Repellent 

Ratio  to  control 

Ratio  to  deet 

Total 

Landings* 

Iacket 

Face  and 
Hand* 

Total 

Landings 

)acket 

Face  and 
Hands 

3775 

2.51  cd** 

a.74  c 

2.36  be 

0.55  cd 

0.64  cd 

0.57  cd 

5974 

3 53  c 

5 54  b 

2.30  be 

1 . 26  be 

1.95  b 

0.99  cd 

7627 

t . 85  cd 

1 93  cd 

1 32  c 

0.38  e 

0.46  d 

0 40  d 

8118 

2. 62  cd 

a. 56  c 

2.65  be 

0.98  cd 

1 .04  c 

1 . 13  be 

18059 

2.06  cd 

1 68  c 

1.62  c 

0.50  cd 

0.74  cd 

0.46  cd 

19084 

1.65  cd 

a. 07  cd 

» 5 S' 

0.50  cd 

0.64  cd 

0.5a  cd 

10364 

2.51  cd 

a. 50  c 

1 -37  c 

0.52  cd 

1 .02  c 

0.48  cd 

1254a 

6.33  b 

4 85  b 

5-3*  b 

2 18  b**** 

1 73  b 

t 9a  b 

70087 

18.16  a 

10.88  a 

13.81  a 

5.62  a 

4.20  a 

3 76  a 

control 

0.90  d**# 

0.85  d 

0.93  c 

0.44  c 

0.37  d 

0.41  d 

•Landings  on  iacket,  face,  and  hands. 

••Means  with  same  letter  do  not  significantly  differ  (5%  level,  Duncans  Multiple  Range  Test) 
•••  Mean  ratio  between  two  control  iackets. 

•*••  Mean  ratio  between  two  deet  iackets. 
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when  ranked  with  the  control  < Table  3). 
Deet  was  the  second  best  repellent  tested 
in  preventing  landings  on  the  upper  veil 
tral  torso.  Also,  when  ranked  with  the 
control,  i-Butyryl  1— 1 , 2,  3,  4 Tetrahydro 
quinoline  (AI3-5974)  was  as  effective  as 
deet  in  preventing  landings  on  the  jacket 
but  permitted  significantly  more  landings 
on  the  face  and  hands  than  did  deet 
When  compared  to  deet,  only  2 hydroxy 
ethyl  cyclohexane  carboxylate  was  con- 
sistently better  than  deet  in  preventing 
landings  on  the  jacket  and  exposed  face 
and  hands. 

Rainfall,  as  expected,  had  a definite  ad 
verse  affect  on  the  repellent  jackets'  ef 
fectiveness.  Simulated  rainfall  of  254 
cm  caused  an  overall  26%  reduction  in 
the  |ackets’  effectiveness  compared  to  the 
control.  The  effectiveness  of  deet  de 
creased  with  wetting  more  than  the  other 
repellents  combined.  Examination  of  the 
landing  ratios  for  each  comparison 
showed  3 compounds  whose  effectiveness 
did  not  appear  to  be  reduced  by  the 
total  3.08  cm  simulated  rainfall.  These 
were  repellents  1 -Butyl-4  methylcarbostyri! 
(AI 3-7627),  3 Ch'oro- 1 -propanol  carbani 
late  (AI3--180S9),  and  2 Hydroxyethyl 
cyclohexane  carboxylate  (AI3-70087). 
Gouck  et  al.  (1971)  reported  Compound 
AI3  7627  to  remain  more  than  90°  0 effec- 
tive after  exposure  to  6.86  cm  rainfall. 

This  investigation  showed  that  jackets 
provided  better  protection  in  New  York 
than  in  Costa  Rica.  Differences  in  the 
biting  habits  of  the  two  groups  of  black 
flies  attributed  to  this  difference.  The 
Costa  Rican  species  prefer  to  bite  the 
lower  extremities  and  gradually  move  to 
the  upper  torso  only  if  they  are  unable  to 
bite  in  the  lower  regions.  Therefore, 
additional  protection  would  have  to  he 
provided  to  protect  the  legs.  The  small 
number  of  flies  reaching  the  face  and 
hands  during  the  Costa  Rican  test  pre 
vented  obtaining  enough  data  to  clearly 
show  differences  in  the  spatial  repellencv 
of  those  compounds  tested.  Repellents 
tested  on  the  much  larger  black  fly  popti 
lation  in  the  New  York  study  arra  showed 
significant  reductions  in  black  fl>  landings 


both  on  the  yacke'  and  on  the  face  and 
hands. 

The  repellent  2 Hydioxyethyl  cyclohex 
ane  carboxylate  (Al 3-70087)  appears  to 
lie  the  best  compound  for  use  in  impreg- 
nating mesh  jackets  for  protection  against 
black  fly  bites  in  the  temperate  zone. 
Allhough  deet  ( Al3-22<;42)  and  two  other 
compounds  adequately  protected  the  up- 
per body  against  bites  from  tropica!  species 
of  black  flies,  they  did  not  provide  ade- 
quate protection  from  black  fly  bites  be- 
cause of  the  different  biting  habits  of 
those  flies. 
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Rept  No.  61-0614-77,  Dev  of  Ground  and  Aerial  Adult  Control  Measures  for 
Biting  Diptera  Without  Using  Persistent  Pesticides,  March  1973  - June  1976 


1.  Aberrant  specimens  of  black  fly  larvae  were  collected  at  Fort  Drum, 
New  York  State,  during  the  spring  of  1975. 

2.  Abnormal  larvae  had  greatly  swollen  abdomens  and  appearing  through 
the  integument  were  large  white  masses  which  at  first  appeared  to  be  fat 
bodies.  Upon  microscopic  examination  of  wet  mounts,  it  was  determined 
that  the  larvae  were  infected  with  parasitic  microspor idians  of  two 
species.  One  species  Thelohania  bvacteata  was  seen  as  a group  of  eight 
mature  sporoblasts  in  pansporablas  and  mature  spores.  The  insect 
infected  with  this  parasite  was  collected  at  site  #21  on  7 June  1975. 
Histological  preparations  stained  with  hemotoxylin  and  eosin  indicate 
that  practically  the  entire  hemolymph  area  of  the  hemoceol  was  filled 
with  mature  spores  of  this  species.  Another  microsporidian  infecting 
black  flies  in  this  area  is  Caudospora  sp.  The  mature  spore  of  this 
parasite  contains  a tail-like  appendage. 

3.  Two  specimens  were  collected  whose  body  surfaces  were  covered  with 
many  fine  finger-like  projections.  These  individuals  were  probably  dead 
or  moribund  when  collected.  Examination  of  the  slides  revealed  that  the 
tissues  were  h’stolyzed  and  with  very  little  cellular  detail  remaining. 

A fungus,  Saproleguia  paraeitium,  had  penetrated  or  was  growing  through 
the  integument. 
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APPENDIX  K 

BLACK  FLY  REARING  METHOD 


Unpublished 


1.  A rearing  device  was  fabricated  to  improve  the  efficiency  in  mass 
rearing  Simulium  vi ttatim.  The  rearinq  chamber  consisted  of  4 1/2- 
gallon  cylindrical  -jar  (NSN  6640-00-4  30-1240)  with  discs,  stirrinq 
motor,  and  aerator  (Figure). 

2.  Ten-inch  diameter  discs  were  cut  from  corrugated  fiberglass  of 
1/8-inch  thickness.  The  discs  were  mounted  on  a threaded  rod  and 
rotated  with  a variable  speed  stirrer  (T-Line  Corp,  Model  136-2).  Air 
was  supplied  through  an  air  stone  to  the  base  of  the  iar  with  a Model  JA 
3G001  jewel  air  pump.  A CDC  light  trap  collecting  net  was  secured  to 
the  top  of  the  jar  to  retain  the  emerqinq  flies. 

3.  Eggs  were  placed  in  the  chamber.  After  hatchinq,  the  young  larvae 
spin  a silken  thread  which  allow  attachment  to  the  discs.  The  corrugated 
discs  provide  a large  area  for  attachment  and  allows  large  numbers  of 
black  flies  to  be  produced  in  a small  area. 

4.  Temperature  control  of  the  water  is  desirable.  The  small  size  of 
the  apparatus  allows  its  placement  within  a 12  ftJ  temperature  control 
cabinet.  At  room  temperature,  fungus  often  develops  and  causes  a high 
mortality  of  the  developing  larvae. 
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APPENDIX  L 

PRIMARY  CELL  CULTURES  DERIVED  FROM 
LARVAE  OF  SIHULIUM  VITTATUM  (DIPTERA:  STMULIIDAE) 
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Presented  by  CPT  Jay  Abercrombie  at  the  XV  International  Congress  of 
Entomolooy,  Washington,  D.  C.,  19-27  August  1976  (To  be  published) 
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1.  Swarms  of  black  flies  greatly  reduce  the  working  efficiency  of 
people  such  as  soldiers,  farmers,  lumbermen,  and  others  who  work  out- 
doors. When  this  annoyance  is  coupled  with  biting,  any  outdoor  activity 
is  practically  impossible. 

2.  In  an  investigation  by  the  US  Army  on  possible  control  methods  for 
black  flies,  attempts  to  culture  tissues  of  black  flies  were  made 
because  such  cultures  should  facilitate  the  study  and  propagation  of 
black  fly  pathogens  and  perhaps  lead  to  their  use  in  controlling  this 
important  insect. 

3.  Eggs  were  collected  in  nature  in  order  to  initiate  the  cell  line. 

In  the  present  investigation,  Simuliwn  (Pailozia)  vittatwn  (Zetterstedt ) 
was  chosen  for  the  following  reasons i it  exists  in  large  numbers  in 
virtually  monospecific  populations  at  our  study  site  in  Tennessee;  large 
numbers  (literally  millions)  of  eggs  can  be  collected  in  almost  any 
month  of  the  year;  and,  the  eggs  remain  viable  after  cold  storage  and 
are  responsive  to  laboratory  methods  to  elicit  hatching,  even  after  a 
period  of  several  months. 

4.  The  field  study  site  is  Holston  Army  Ammunition  Plant  in  the  Appalachian 
Mountains  of  northeastern  Tennessee.  Coolant  water  from  the  explosive 
manufacturing  process  is  expelled  from  the  plant  in  a series  of  fast 
flowing,  high-volume  streams.  As  the  streams  tumble  down  slopes  to 

rejoin  the  Holston  River,  they  provide  ideal  breeding  sites  for  Pimuliwn 
vittatwn.  The  thermal  pollution,  with  temperatures  of  27  to  29  Celsius, 
and  other  pollutants  in  the  water  result  in  a depauperate  stream  fauna; 
Simuliwn  vittatwn  is  apparently  one  of  the  few  invertebrates  which  can 
survive  here. 

5.  Eggs  are  laid  on  emergent  vegetation  or  on  the  leaves  that  trail  in 
the  water  from  the  streambanks.  The  eggs  are  rather  easily  collected  in 
great  numbers  by  gathering  the  leaves.  They  were  placed  on  ice  and 
transported  back  to  the  laboratory  where  they  were  stored  at  4 Celsius. 

The  eggs  were  prepared  in  order  to  insure  aseptic  hatching  of  larvae  by 
first  washing  them  in  a lil  mixture  of  sodium  hypochlorite  and  water 
for  90  seconds.  This  freed  the  eggs  from  the  leaf  surface  and  also  from 
each  other  and  probably  also  dissolved  the  gelatin  capsule  from  around 
the  egg.  It  apparently  did  not  harm  the  chorion  however.  If  egos  were 
left  in  the  sodium  hypochlorite;  water  solution  for  more  than  90  seconds 
they  adhered  to  each  other  during  subsequent  steps  in  the  sterilization 
process,  and  hence  increased  the  danger  of  contamination.  The  egns  were 
next  washed  vigorously  in  a water  bath  for  about  10  minutes  on  a stainless 
steel  millipore  filter  screen  in  order  to  remove  mineral  deposits.  The 
eggs  were  then  placed  in  70  percent  ethanol  for  20  minutes  and  then, 
under  sterile  conditions,  were  washed  with  distilled  water  and  placed  in 

a small  amount  of  tissue  culture  medium  and  maintained  at  24  Celsius  in 
an  incubator  overnight. 


L-l 


6.  Hatching  usually  occurred  about  24  hrs  later.  The  younq  larvae  were 
transferred  to  a depression  slide  and  each  cut  into  2 or  3 pieces.  From 
100  to  200  larvae  were  thus  cut  into  pieces  to  initiate  a primary 
culture.  The  pieces  were  rinsed  2 or  3 times  with  culture  medium.  It 
is  noteworthy  that  the  usual  enzymatic  pretreatment  with  trypsin  or 
collagenase  apparently  is  not  necessary;  in  fact,  primary  cultures 
initiated  without  enzymatic  pretreatment  did  just  as  well  as  those  that 
underwent  this  procedure.  The  pieces  were  then  transferred  to  1.25  ml 
of  complete  medium,  supplemented  with  fetal  bovine  serum,  in  a glass  T-9 
flask.  The  medium  was  slightly  modified  from  that  designed  by  Shields 
and  his  co-workers  for  Drosophila  and  consisted  of  salts,  TC  yeastolate 
in  lieu  of  vitamins,  lactalbumin  hydrolysate  for  amino  acids,  and 
glucose;  sodium  bicarbonate  was  added  to  adjust  the  pH  to  6.9,  the  same 
as  their  native  Tennessee  streams.  Osmotic  pressure  was  adjusted  to  310 
miliosmols/liter  with  sodium  chloride.  The  base  for  the  culture  medium 
was  water  collected  from  the  black  fly's  breeding  stream  in  Tennessee 
and  sterilized.  The  flasks  containing  the  larval  fragments  were  kept  at 
24  Celsius.  The  fragments  continued  to  move  and  contract  for  about  3 
weeks. 

7.  Cell  migration  was  evident  within  10  to  14  days,  but  was  usually 
confined  to  areas  surrounding  the  larger  larval  fragments.  The  fragments 
and  cells  readily  attached  to  the  glass  substrate  but  not  so  firmly  as 

to  require  trypsin  treatment.  The  medium  initially  was  renewed  after 
about  3 weeks  and  subsequently  at  about  2-week  intervals  depending  on 
the  appearance  of  the  culture.  Some  cell  spheres  issued  frcm  the  cut 
ends  of  the  larval  fragments,  but  they  were  not  as  prominent  as  in 
Drosophila  cell  cultures  as  reported  by  Schneider.  Some  bleb  formation 
was  also  noted.  Cell  growth  was  not  documented  until  2 or  3 months  of 
culture  and  was  somewhat  slow  when  compared  with  primary  cell  cultures 
derived  from  other  dipteran  species  (that  is.  Drosophila,  mosquitoes, 
and  house  flies).  At  the  present  time,  after  about  10  months,  cell 
replication  has  increased  significantly  and  production  is  growing  at 
an  increasing  rate. 

0.  Black  fly  cell  in  culture  show  a variety  of  different  forms  and 
types,  some  of  which  are  quite  bizarre.  Cells  in  these  cultures  were 
mainly  of  three  different  shapes:  flat  epithelial;  ovoid  or  spherical; 

and,  macrophaqe-like  with  membraneous  processes.  With^ime,  the  more 
diverse  cells  are  apparently  eliminated,  and  ovoid  or  spherical  cells 
then  predominate. 

9.  Future  work  is  expected  to  refine  the  hatching  process  of  aseptic 
egqs  so  that  larger  numbers  of  larvae  mav  be  used  to  initiate  a culture. 
This  should  stimulate  more  rapid  qrowth  and  permit  earlier  subcultur ing. 
Once  this  staqe  has  been  reached,  the  possibilities  for  further  studies 
in  cell  morpholoqy,  developmental  biology,  genetics,  and  patholonv  of 
Sintulium  vittaturn  are  very  promising.  The  overriding  aspiration  is  to 
use  the  cultured  cells  for  propagation  of  viruses  and  other  pathogens 
associated  with  black  flies. 

10.  We  wish  to  thank  Dr.  Tmogene  Schneider  of  Walter  Reed  Army  Institute 
of  Research  for  extensive  help  and  e ncou raceme nt . 
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